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An in vitro process for the production of closed linear deox 
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template comprising at least one protelomerase target 
sequence with at least one DNA polymerase in the presence 
of one or more primers under conditions promoting amplifi 
cation of said the template; and (b) contacting amplified DNA 
produced in (a) with at least one protelomerase under condi 
tions promoting production of closed linear DNA. A kit pro 
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PRODUCTION OF CLOSEDLINEAR DNA 

This application is a national phase filing under 35 USC 
S371 of PCT International Application Serial No. PCT/ 
GB2010/000165, filed Feb. 1, 2010, which claims priority to 5 
GB Patent Application Serial No. 0901593.4, filed Jan. 30, 
2009, both of which applications are incorporated by refer 
ence herein in their entirety. 

FIELD OF THE INVENTION 10 

The present invention relates to an in vitro, cell-free pro 
cess for the production of closed linear deoxyribonucleic acid 
(DNA). 

15 

BACKGROUND OF THE INVENTION 

Traditional cell-based processes for amplification of DNA 
in large quantities are costly. For example, use of bacteria 
requires their growth in large Volumes in expensive ferment- 20 
ers that are required to be maintained in a sterile state in order 
to prevent contamination of the culture. The bacteria also 
need to be lysed to release the amplified DNA and the DNA 
needs to be cleaned and purified from other bacterial compo 
nents. In particular, where DNA vaccines or other therapeutic 25 
DNA agents are produced, high purity is required to eliminate 
the presence of endotoxins which are toxic to mammals. 

In addition to the issues of cost, use of bacteria can in many 
cases present difficulties for fidelity of the amplification pro 
cess. In the complex biochemical environment of the bacterial 30 
cell, it is difficult to control the quality and yields of the 
desired DNA product. The bacteria may occasionally alter the 
required gene cloned within the amplified DNA and render it 
useless for the required purpose. Recombination events may 
also lead to problems in faithful production of a DNA of 35 
interest. Cell-free enzymatic processes for amplification of 
DNA avoid the requirement for use of a host cell, and so are 
advantageous. 

For example, the manufacture of medicinal DNA cassettes 
relies on almost exclusively on their insertion into bacterial 40 
plasmids and their amplification in bacterial fermentation 
processes. 

This current state of the art process limits opportunities for 
improving the manufacture of Such DNA medicines in a 
number of ways. In addition, the plasmid product is essen- 45 
tially a crude DNA molecule in that it contains nucleotide 
sequences not required for its medicinal function. Accord 
ingly, in the field of production of DNA products, such as 
DNA medicines, there is a need to provide improved methods 
for amplification of DNA in large quantities. In particular, 50 
there is a need to provide improved methods for amplification 
of specific forms of DNA, such as closedlinear DNAs. Closed 
linear DNA molecules have particular utility for therapeutic 
applications, as they have improved stability and safety over 
other forms of DNA. 55 

SUMMARY OF THE INVENTION 

The present invention relates to a process for in vitro, 
cell-free production of linear covalently closed DNA (closed 60 
linear DNA). The process allows for enhanced production of 
linear covalently closed DNA compared to current method 
ologies involving cellular processes and amplification within 
plasmids. This significantly increases process productivity 
while reducing the cost of product purification. 65 

According to the present invention, production of linear 
covalently closed DNA from a DNA template is carried out 

2 
enzymatically in the absence of a host cell. The template 
DNA comprises at least one protelomerase target sequence. 
The template DNA is contacted with at least one DNA poly 
merase in the presence of one or more primers under condi 
tions promoting amplification of the template. DNA ampli 
fied from the template is contacted with at least one 
protelomerase under conditions promoting production of 
closed linear DNA. 

Accordingly, the present invention provides an in vitro 
cell-free process for production of a closed linear deoxyribo 
nucleic acid (DNA) comprising: 

(a) contacting a DNA template comprising at least one 
protelomerase target sequence with at least one DNA poly 
merase in the presence of one or more primers under condi 
tions promoting amplification of said template; and 

(b) contacting amplified DNA produced in (a) with at least 
one protelomerase under conditions promoting production of 
closed linear DNA. 
The invention further relates to a kit providing components 

necessary in the process of the invention. Thus, the invention 
provides a kit comprising at least one DNA polymerase and at 
least one protelomerase and instructions for use in a process 
of the invention. 

BRIEF DESCRIPTION OF FIGURES 

FIG. 1: Replication of linear covalently closed DNA in 
bacteriophages and the role of protelomerase. A. Depiction of 
extrachromosomal bacteriophage linear covalently closed 
DNA. *-Centre of palindromic sequence of telomere. The R 
sequence is an inverted palindromic repeat of the L sequence. 
B. Replication of bacteriophage DNA in host: Bubble indi 
cates DNA strand replication. Synthesis of the complemen 
tary strand to R and L leads to identical double stranded RL 
sequences. C. Products formed by action of protelomerase. 
Protelomerase binds to the RL sequence and cuts and ligates 
the opposite strands at the centre point of the palindromic 
sequence to reform the telomeres and complete the replica 
tion of the original linear covalently closed DNA. 

FIG. 2: The action of Escherichia coli phage N15 prote 
lomerase (TelN) on circular double stranded DNA containing 
its target site, telRL. TelRL is an inverted palindrome with 28 
bp right (telR) (SEQ ID NO:37) and left (telL) (SEQ ID 
NO:38) arms indicated by the arrows. The sequences under 
lined indicate imperfections in the telRL palindrome. A cen 
tral 22 bp perfect inverted palindrome TelO (SEQID NO:17) 
is required for the binding of the enzyme, TelN. TelN cleaves 
this 22 bp sequence at its mid-point and joins the ends of the 
complementary strands to form covalently closed ends. 

FIG. 3: Comparison of protelomerase target sequences in 
found in various organisms. The boxed sequences show the 
extent of perfect or imperfect palindromic sequence. Under 
lining shows imperfections in the palindrome. The base pair 
sequences highlighted are common to all protelomerase tar 
get sequences indicating their importance to protelomerase 
binding and action. A. Escherichia coli phage N15 (SEQ ID 
NO:25). B. Klebsiella phage Phi KO2 (SEQ ID NO:26). C. 
Yersinia phage Py54 (SEQID NO:27). D. Halomonas phage 
Phi HAP (SEQID NO:24). E. Vibrio phage VP882 (SEQID 
NO:28). F. Borrelia burgdorferi plasmid lpB31.16 (SEQ ID 
NO:29). The boxed sequences show the extent of perfect or 
imperfect palindromic sequence for each bacteriophage. G. 
The consensus inverse palindromic sequence for bacterioph 
age protelomerase binding and action is shown in SEQ ID 
NO:16. This is a 22 base pair perfect inverted repeat sequence 
(11 base pairs either side of the cut site). The consensus 
sequence is derived from the conserved highlighted residues 
shown for A-E. Conserved base pairs and their positions in the 
palindrome are indicated. Dashes indicate flexibility in 
sequence composition i.e. where bases may be N (A, T, C or 
G). 
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FIG. 4: Specific process for in vitro amplification of a 
linear double stranded covalently closed DNA using an RCA 
strand displacement DNA polymerase in combination with 
TelN protelomerase. A. Closed linear DNA template. Rand L 
represent the DNA sequences of the right and left arms of the 
TelN protelomerase binding sequence. B. Denaturation of 
starting template to form circular single stranded DNA. C. 
Primer binding. D-E. Rolling circle amplification from single 
stranded DNA template by an RCA strand displacement 
DNA polymerase. F. Formation of long concatemeric double 
Stranded DNA comprising single units of amplified template 
separated by protelomerase binding sequences (RL). G. Con 
tacting with TelN protelomerase specific to RL sequence. 
Protelomerase cleaves concatameric DNA at RL site and 
ligates complementary Strands to produce amplified copies of 
the original linear covalently closed DNA template. 

FIG. 5: Excision of DNA cassette expressing gene of inter 
est from a long double stranded DNA molecule to create a 
closed linear DNA cassette.A. Linear double stranded DNA 
molecule containing a DNA cassette containing gene of inter 
est flanked by protelomerase target sequences. B. Excision of 
the DNA cassette as a linear covalently closed DNA mol 
ecule. 

FIG. 6: Amplification of closed linear DNA and reporter 
gene expression for "doggybone' expression cassette. 

A. Confirmation of TelN cleavage of RCA amplified con 
catamers to form closed linear DNA by agarose gel electro 
phoresis. Lanes 1 to 3 show RCA amplified puC18. Lane 1: 
3 microliters undigested RCA amplified puC18. Lane 2: 2 
microliters RCA amplified puC18 digested with Pvul. Lane 
3: 2 microliters RCA amplified puC18 treated with TelN 
(negative control). Lanes 4 to 6 show RCA amplified puC18 
telRL. Lane 4: 3 microliters undigested RCA amplified 
pUC18 telRL. Lane 5: 1 microliter RCA amplified puC18 
telRL digested with Pvu 1. Lane 6: 4 microliters RCA ampli 
fied puC18 telRL treated with TelN. The 2.7 kb closed linear 
DNA generated on treatment with TelN is indicated. Flanking 
lanes are DNA size markers. 

B. Lab-On-A-Chip (LOC) analysis showing resistance of 
closedlinear DNA to thermal denaturation. Lane 1: DNA size 
marker. Lanes 2 and 3: 100 ng PCR DOG. Lanes 4 and 5: 100 
ng denatured PCR DOG. Lanes 6 and 7: “doggybone' 
DNA 100 ng pGL DOG treated with TelN. Lanes 6 and 7: 
“doggybone DNA' 100 ng pGL DOG treated with TelN 
and denatured. 

C. Validation of expression of closedlinear DNA in cells by 
transfection. y axis: mean Firefly/Renilla ratio; x-axis: linear 
DNA constructs used in transfection. PCR pGL: open linear 
PCR fragment from pGL4.13 across luc gene. PCR DOG: 
open linear PCR fragment amplified from pCL DOG using 
primers flanking the telRL sites. “doggy MP': closed linear 
DNA from pCL DOG isolated from mini-prep DNA digested 
with Pvul (to remove contaminating vector DNA) and 
cleaved with TelN. “doggy RCA': closed linear DNA from 
pGL DOG amplified by RCA digested with Pvul and cleaved 
with TelN. 

DESCRIPTION OF SEQUENCES 

SEQ ID NO:1 is the nucleic acid sequence of a Bacillus 
bacteriophage phi29 DNA polymerase. 
SEQ ID NO: 2 is the amino acid sequence of a Bacillus 

bacteriophage phi29 DNA polymerase encoded by SEQ ID 
NO: 1. 
SEQID NO:3 is the amino acid sequence of a Pyrococcus 

sp Deep Vent DNA polymerase. 
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4 
SEQ ID NO: 4 is the nucleic acid sequence of Bacillus 

Stearothermophilus DNA polymerase I. 
SEQ ID NO. 5 is the amino acid sequence of Bacillus 

Stearothermophilus DNA polymerase I encoded by SEQ ID 
NO: 4. 
SEQID NO: 6 is the nucleic acid sequence of a Halomonas 

phage phiHAP-1 protelomerase nucleic acid sequence. 
SEQID NO: 7 is the amino acid sequence of a Halomonas 

phage phiHAP-1 protelomerase encoded by SEQID NO: 6. 
SEQ ID NO: 8 is the nucleic acid sequence of a Yersinia 

phage PY54 protelomerase. 
SEQ ID NO: 9 is the amino acid sequence of a Yersinia 

phage PY54 protelomerase encoded by SEQID NO: 8. 
SEQID NO: 10 is the nucleic acid sequence of a Klebsiella 

phage phiKO2 protelomerase. 
SEQID NO: 11 is the amino acid sequence of a Klebsiella 

phage phiKO2 protelomerase encoded by SEQID NO: 10. 
SEQ ID NO: 12 is the nucleic acid sequence of a Vibrio 

phage VP882 protelomerase. 
SEQ ID NO: 13 is the amino acid sequence of a Vibrio 

phage VP882 protelomerase encoded by SEQID NO: 12. 
SEQID NO: 14 is the nucleic acid sequence of an Escheri 

chia coli bacteriophage N15 protelomerase (telN) and sec 
ondary immunity repressor (cA) nucleic acid sequence. 
SEQID NO: 15 is the amino acid sequence of an Escheri 

chia colibacteriophage N15 protelomerase (telN) encoded by 
SEQID NO: 14 
SEQID NO: 16 is a consensus nucleic acid sequence for a 

perfect inverted repeat present in bacteriophage protelom 
erase target Sequences. 
SEQID NO: 17 is a 22 base perfect inverted repeat nucleic 

acid sequence from E. coli phage N15 and Klebsiella phage 
phiKO2. 
SEQID NO: 18 is a 22 base perfect inverted repeat nucleic 

acid sequence from Yersinia phage PY54. 
SEQID NO: 19 is a 22 base perfect inverted repeat nucleic 

acid sequence from Halomonas phage phiHAP-1. 
SEQID NO:20 is a 22 base perfect inverted repeat nucleic 

acid sequence from Vibrio phage VP882. 
SEQID NO: 21 is a 14 base perfect inverted repeat nucleic 

acid sequence from Borrelia burgdorferi plasmidlp331.16. 
SEQID NO: 22 is a 24 base perfect inverted repeat nucleic 

acid sequence from Vibrio phage VP882. 
SEQID NO: 23 is a 42 base perfect inverted repeat nucleic 

acid sequence from Yersinia phage PY54. 
SEQID NO: 24 is a 90 base perfect inverted repeat nucleic 

acid sequence from Halomonas phage phiHAP-1. 
SEQ ID NO: 25 is a nucleic acid sequence from E. coli 

phage N15 comprising a protelomerase target sequence. 
SEQID NO: 26 is a nucleic acid sequence from Klebsiella 

phage phiKO2 comprising a protelomerase target sequence. 
SEQ ID NO: 27 is a nucleic acid sequence from Yersinia 

phage PY54 comprising a protelomerase target sequence. 
SEQ ID NO: 28 is a nucleic acid sequence from Vibrio 

phage VP882 comprising a protelomerase target sequence. 
SEQID NO: 29 is a nucleic acid sequence from Borrelia 

burgdorferi plasmid lpB31.16 comprising a protelomerase 
target Sequence. 
SEQID NO:30 is a modified oligonucleotide primer used 

in amplification of TelN. 
SEQID NO:31 is a modified oligonucleotide primer used 

in amplification of TelN. 
SEQID NO:32 is a synthetic oligonucleotide containing 

the TelN recognition site telRL. 
SEQID NO:33 is a synthetic oligonucleotide containing 

the TelN recognition site telRL. 
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SEQID NO:34 is a primer sequence used in amplification 
of PCR DOG. 
SEQID NO:35 is a primer sequence used in amplification 

of PCR DOG. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to processes for the produc 
tion of linear double stranded covalently closed DNA i.e 
closed linear DNA molecules. Closed linear DNA molecules 
typically comprise covalently closed ends also described as 
hairpin loops, where base-pairing between complementary 
DNA strands is not present. The hairpin loops join the ends of 
complementary DNA strands. Structures of this type typi 
cally form at the telomeric ends of chromosomes in order to 
protect against loss or damage of chromosomal DNA by 
sequestering the terminal nucleotides in a closed structure. In 
examples of closed linear DNA molecules described herein, 
hairpin loops flank complementary base-paired DNA strands, 
forming a "doggy-bone' shaped structure (as shown in FIG. 
1). 
The processes of the present invention provide for high 

throughput production of closed linear DNA molecules by 
incorporating a single processing step converting amplified 
DNA into closed linear DNA. In addition, the processes of the 
present invention are carried out in an in vitro cell-free envi 
ronment, and as such are not limited to use of DNA templates 
having extraneous sequences necessary for bacterial propa 
gation. As outlined below, the process of the invention can 
therefore be used to produce closed linear DNA molecules 
which lack problematic vector sequences and are particularly 
suitable for therapeutic uses. 

Closed DNA molecules have particular utility as therapeu 
tic agents i.e. DNA medicines which can be used to express a 
gene product in vivo. This is because their covalently closed 
structure prevents attack by enzymes such as exonucleases, 
leading to enhanced stability and longevity of gene expres 
sion as compared to “open' DNA molecules with exposed 
DNA ends. Linear double stranded open-ended cassettes have 
been demonstrated to be inefficient with respect to gene 
expression when introduced into host tissue. This has been 
attributed to cassette instability due to the action of exonu 
cleases in the extracellular space. 

Sequestering DNA ends inside covalently closed structures 
also has other advantages. The DNA ends are prevented from 
integrating with genomic DNA and so closed linear DNA 
molecules are of improved safety. Also, the closed linear 
structure prevents concatamerisation of DNA molecules 
inside host cells and thus expression levels of the gene prod 
uct can be regulated in a more sensitive manner. The present 
invention provides an in vitro cell-free process for production 
of closed linear DNA molecules that comprises template 
directed DNA amplification, and specific processing of 
amplified DNA by protelomerase. 

Typically, the process of the invention may be used for 
production of DNA for in vitro expression in a host cell, 
particularly in DNA vaccines. DNA vaccines typically 
encode a modified form of an infectious organism's DNA. 
DNA vaccines are administered to a subject where they then 
express the selected protein of the infectious organism, initi 
ating an immune response against that protein which is typi 
cally protective. DNA vaccines may also encode a tumour 
antigen in a cancer immunotherapy approach. 
A DNA vaccine may comprise a nucleic acid sequence 

encoding an antigen for the treatment or prevention of a 
number of conditions including but not limited to cancer, 
allergies, toxicity and infection by a pathogen such as, but not 
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6 
limited to, fungi, viruses including Human Papilloma Viruses 
(HPV), HIV, HSV2/HSV1, Influenza virus (types A, B and 
C), Polio virus, RSV virus, Rhinoviruses, Rotaviruses, Hepa 
titis A virus, Norwalk Virus Group, Enteroviruses, Astrovi 
ruses, Measles virus, Parainfluenza virus, Mumps virus, Vari 
cella-Zoster virus, Cytomegalovirus, Epstein-Barr virus, 
Adenoviruses, Rubella virus, Human T-cell Lymphoma type 
I virus (HTLV-I), Hepatitis B virus (HBV), Hepatitis C virus 
(HCV), Hepatitis D virus, Pox virus, Marburg and Ebola; 
bacteria including Mycobacterium tuberculosis, Chlamydia, 
Neisseria gonorrhoeae, Shigella, Salmonella, Vibrio chol 
erae, Treponema pallidum, Pseudomonas, Bordetella pertus 
sis, Brucella, Franciscella tularensis, Helicobacter pylori, 
Leptospira interrogans, Legionella pneumophila, Yersinia 
pestis, Streptococcus (types A and B), Pneumococcus, Men 
ingococcus, Haemophilus influenza (type b). Toxoplasma 
gondii, Campylobacteriosis, Moraxella Catarrhalis, Dono 
Vanosis, and Actinomycosis; fungal pathogens including 
Candidiasis and Aspergillosis; parasitic pathogens including 
Taenia, Flukes, Roundworms, Amoebiasis, Giardiasis, 
Cryptosporidium, Schistosoma, Pneumocystis carinii, Tri 
chomoniasis and Trichinosis. 
DNA vaccines may comprise a nucleic acid sequence 

encoding an antigen from a member of the adenoviridae 
(including for instance a human adenovirus), herpesviridae 
(including for instance HSV-1, HSV-2, EBV, CMV and 
VZV), papovaviridae (including for instance HPV), poxyiri 
dae (including for instance Smallpox and vaccinia), parvoviri 
dae (including for instance parvovirus B19), reoviridae (in 
cluding for instance a rotavirus), coronaviridae (including for 
instance SARS), flaviviridae (including for instance yellow 
fever, West Nile virus, dengue, hepatitis C and tick-borne 
encephalitis), picornaviridae (including polio, rhinovirus, 
and hepatitis A), togaviridae (including for instance rubella 
virus), filoviridae (including for instance Marburg and 
Ebola), paramyxoviridae (including for instance a parainflu 
enza virus, respiratory syncitial virus, mumps and measles), 
rhabdoviridae (including for instance rabies virus), bun 
yaviridae (including for instance Hantaan virus), orthomyX 
oviridae (including for instance influenza A, B and C viruses), 
retroviridae (including for instance HIV and HTLV) and hep 
adnaviridae (including for instance hepatitis B). 
The antigen may be from a pathogen responsible for a 

Veterinary disease and in particular may be from a viral patho 
gen, including, for instance, a Reovirus (Such as African 
Horse sickness or Bluetongue virus) and Herpes viruses (in 
cluding equine herpes). The antigen may be one from Foot 
and Mouth Disease virus, Tick borne encephalitis virus, den 
gue virus, SARS, West Nile virus and Hantaan virus. The 
antigen may be from an immunodeficiency virus, and may, 
for example, be from SIV or a feline immunodeficiency virus. 
DNA vaccines produced by the process of the invention 

may also comprise a nucleic acid sequence encoding tumour 
antigens. Examples of tumour associated antigens include, 
but are not limited to, cancer-testes antigens such as members 
of the MAGE family (MAGE 1, 2, 3 etc), NY-ESO-1 and 
SSX-2, differentiation antigens Such as tyrosinase, gp100, 
PSA, Her-2 and CEA, mutated self antigens and viral tumour 
antigens such as E6 and/or E7 from oncogenic HPV types. 
Further examples of particular tumour antigens include 
MART-1, Melan-A, p97, beta-HCG, GalNAc, MAGE-1, 
MAGE-2, MAGE-4, MAGE-12, MUC1, MUC2, MUC3, 
MUC4, MUC18, CEA, DDC, P1A, EpCam, melanoma anti 
gen gp75, Hker 8, high molecular weight melanoma antigen, 
K19, Tyr1, Tyr2, members of the pMel 17 gene family, c-Met, 
PSM (prostate mucin antigen), PSMA (prostate specific 
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membrane antigen), prostate Secretary protein, alpha-feto 
protein, CA 125, CA 19.9, TAG-72, BRCA-1 and BRCA-2 
antigen. 

Also, the process of the invention may produce other types 
of therapeutic DNA molecules e.g. those used in gene 
therapy. For example, such DNA molecules can be used to 
express a functional gene where a subject has a genetic dis 
order caused by a dysfunctional version of that gene. 
Examples of such diseases include Duchenne muscular dys 
trophy, cystic fibrosis, Gaucher's Disease, and adenosine 
deaminase (ADA) deficiency. Other diseases where gene 
therapy may be useful include inflammatory diseases, 
autoimmune, chronic and infectious diseases, including Such 
disorders as AIDS, cancer, neurological diseases, cardiovas 
cular disease, hypercholestemia, various blood disorders 
including various anaemias, thalassemia and haemophilia, 
and emphysema. For the treatment of Solid tumors, genes 
encoding toxic peptides (i.e., chemotherapeutic agents such 
as ricin, diptheria toxin and cobra Venom factor), tumor Sup 
pressor genes Such as p53, genes coding for mRNA sequences 
which are antisense to transforming oncogenes, antineoplas 
tic peptides such as tumor necrosis factor (TNF) and other 
cytokines, or transdominant negative mutants of transform 
ing oncogenes, may be expressed. 

Other types of therapeutic DNA molecules are also con 
templated for production by the process of the invention. For 
example, DNA molecules which are transcribed into an active 
RNA form, for example a small interfering RNA (siRNA) 
may be produced according to the process of the invention. 

In embodiments directed to production of DNA molecules 
having therapeutic utility, the DNA template will typically 
comprise an expression cassette comprising one or more pro 
moter or enhancer elements and a gene or other coding 
sequence which encodes an mRNA or protein of interest. In 
particular embodiments directed to generation of DNA vac 
cine molecules or DNA molecules for gene therapy, the DNA 
template comprises an expression cassette consisting of a 
eukaryotic promoter operably linked to a sequence encoding 
a protein of interest, and optionally an enhancer and/or a 
eukaryotic transcription termination sequence. Typically, the 
DNA template may be in the form of a vector commonly used 
to house a gene e.g. an extrachromosomal genetic element 
Such as a plasmid. 
A "promoter is a nucleotide sequence which initiates and 

regulates transcription of a polynucleotide. Promoters can 
include inducible promoters (where expression of a poly 
nucleotide sequence operably linked to the promoter is 
induced by an analyte, cofactor, regulatory protein, etc.), 
repressible promoters (where expression of a polynucleotide 
sequence operably linked to the promoter is repressed by an 
analyte, cofactor, regulatory protein, etc.), and constitutive 
promoters. It is intended that the term “promoter” or “control 
element' includes full-length promoter regions and func 
tional (e.g., controls transcription or translation) segments of 
these regions. 

“Operably linked’ refers to an arrangement of elements 
wherein the components so described are configured so as to 
perform their usual function. Thus, a given promoteroperably 
linked to a nucleic acid sequence is capable of effecting the 
expression of that sequence when the proper enzymes are 
present. The promoter need not be contiguous with the 
sequence, so long as it functions to direct the expression 
thereof. Thus, for example, intervening untranslated yet tran 
scribed sequences can be present between the promoter 
sequence and the nucleic acid sequence and the promoter 
sequence can still be considered “operably linked to the 
coding sequence. Thus, the term “operably linked' is 
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8 
intended to encompass any spacing or orientation of the pro 
moter element and the DNA sequence of interest which 
allows for initiation of transcription of the DNA sequence of 
interest upon recognition of the promoter element by a tran 
Scription complex. 

According to the present invention, closed linear DNA 
molecules are generated by the action of protelomerase on 
DNA amplified from a DNA template comprising at least one 
protelomerase target sequence. A protelomerase target 
sequence is any DNA sequence whose presence in a DNA 
template allows for its conversion into a closedlinear DNA by 
the enzymatic activity of protelomerase. In other words, the 
protelomerase target sequence is required for the cleavage 
and religation of double stranded DNA by protelomerase to 
form covalently closed linear DNA. 

Typically, a protelomerase target sequence comprises any 
perfect palindromic sequence i.e any double-stranded DNA 
sequence having two-fold rotational symmetry, also 
described herein as a perfect inverted repeat. As shown in 
FIG. 3, the protelomerase target sequences from various 
mesophilic bacteriophages, and a bacterial plasmid all share 
the common feature of comprising a perfect inverted repeat. 
The length of the perfect inverted repeat differs depending on 
the specific organism. In Borrelia burgdorferi, the perfect 
inverted repeat is 14 base pairs in length. In various meso 
philic bacteriophages, the perfect inverted repeat is 22 base 
pairs or greater in length. Also, in Some cases, e.g. E. coli N15. 
the central perfect inverted palindrome is flanked by inverted 
repeat sequences, i.e forming part of a larger imperfect 
inverted palindrome (see FIGS. 2 and 3; the underlined bases 
indicate where the symmetry of the inverted repeats is inter 
rupted). 
A protelomerase target sequence as used in the invention 

preferably comprises a double stranded palindromic (perfect 
inverted repeat) sequence of at least 14 base pairs in length. 
Preferred perfect inverted repeat sequences include the 
sequences of SEQID NOs: 16 to 21 and variants thereof. SEQ 
ID NO: 16 (NCATNNTANNCGNNTANNATGN) is a 22 
base consensus sequence for a mesophilic bacteriophage per 
fect inverted repeat. As shown in FIG. 3, base pairs of the 
perfect inverted repeat are conserved at certain positions 
between different bacteriophages, while flexibility in 
sequence is possible at other positions. Thus, SEQID NO: 16 
is a minimum consensus sequence for a perfect inverted 
repeat sequence for use with a bacteriophage protelomerase 
in the process of the present invention. 

Within the consensus defined by SEQID NO: 16, SEQID 
NO: 17 (CCATTATACGCGCGTATAATGG) is a particularly 
preferred perfect inverted repeat sequence for use with E. coli 
phage N15 (SEQID NO: 15), and Klebsiella phage Phi KO2 
(SEQID NO: 11) protelomerases. Also within the consensus 
defined by SEQID NO: 16, SEQID NOs: 18 to 20: 
SEQID NO: 18 (GCATACTACGCGCGTAGTATGC), 
SEQID NO: 19 (CCATACTATACGTATAGTATGG), 
SEQID NO:20 (GCATACTATACGTATAGTATGC), 

are particularly preferred perfect inverted repeat sequences 
for use respectively with protelomerases from Yersinia phage 
PY54 (SEQ ID NO:9), Halomonas phage phiFHAP-1 (SEQ 
ID NO: 7), and Vibrio phage VP882 (SEQID NO: 13). SEQ 
ID NO: 21 (ATTATATATATAAT) is a particularly preferred 
perfect inverted repeat sequence for use with a Borrelia burg 
dorferi protelomerase. This perfect inverted repeat sequence 
is from a linear covalently closed plasmid, lpb31.16 com 
prised in Borrelia burgdorferi. This 14 base sequence is 
shorter than the 22 bp consensus perfect inverted repeat for 
bacteriophages (SEQ ID NO: 16), indicating that bacterial 
protelomerases may differin specific target sequence require 
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ments to bacteriophage protelomerases. However, all prote 
lomerase target sequences share the commonstructural motif 
of a perfect inverted repeat. 
The perfect inverted repeat sequence may be greater than 

22 bp in length depending on the requirements of the specific 
protelomerase used in the process of the invention. Thus, in 
Some embodiments, the perfect inverted repeat may beat least 
30, at least 40, at least 60, at least 80 or at least 100 base pairs 
in length. Examples of such perfect inverted repeat sequences 
include SEQID NOs: 22 to 24 and variants thereof. 
SEQID NO: 22 (GGCATACTATACGTATAGTATGCC) 
SEQ ID NO. 23 (ACCTATTTCAGCATACTACGCGCG 

TAGTATGCTGAAATAGGT) 
SEQ ID NO: 24 (CCTATATTGGGCCACCTATGTATG 

CACAGTTCGCCCATACTATACGT ATAGTATGGGC 
GAACTGTGCATACATAGGTGGCCCAATATAGG) 
SEQID NOs: 22 to 24 and variants thereofare particularly 

preferred for use respectively with protelomerases from 
Vibrio phage VP882 (SEQID NO: 13), Yersinia phage PY54 
(SEQ ID NO: 9) and Halomonas phage phi HAP-1 (SEQID 
NO: 7). 
The perfect inverted repeat may be flanked by additional 

inverted repeat sequences. The flanking inverted repeats may 
be perfect or imperfect repeats i.e may be completely sym 
metrical or partially symmetrical. The flanking inverted 
repeats may be contiguous with or non-contiguous with the 
central palindrome. The protelomerase target sequence may 
comprise an imperfect inverted repeat sequence which com 
prises a perfect inverted repeat sequence of at least 14 base 
pairs in length. An example is SEQID NO: 29. The imperfect 
inverted repeat sequence may comprise a perfect inverted 
repeat sequence of at least 22 base pairs in length. An example 
is SEQID NO: 25. 

Particularly preferred protelomerase target sequences 
comprise the sequences of SEQID NOs: 25 to 29 or variants 
thereof. 

SEQ ID NO: 25: 
(TATCAGCACACAATTGCCCATTATACGCGCGTATAATGGACTATTG 

TGTGCTGATA) 

SEO ID NO: 26 
(ATGCGCGCATCCATTATACGCGCGTATAATGGCGATAATACA) 

SEO ID NO: 27 
(TAGTCACCTATTTCAGCATACTACGCGCGTAGTATGCTGAAATAGG 

TTACTG) 

SEQ ID NO: 28: 
(GGGATCCCGTTCCATACATACATGTATCCATGTGGCATACTATACG 

TATAGTATGCCGATGTTACATATGGTATCATTCGGGATCCCGTT) 

SEO ID NO: 29 
(TACTAAATAAATATTATATATATAATTTTTTATTAGTA) 

The sequences of SEQID NOs: 25 to 29 comprise perfect 
inverted repeat sequences as described above, and addition 
ally comprise flanking sequences from the relevant organ 
isms. A protelomerase target sequence comprising the 
sequence of SEQID NO: 25 or a variant thereof is preferred 
for use in combination with E. coli N15 TelN protelomerase 
of SEQ ID NO: 15 and variants thereof. A protelomerase 
target sequence comprising the sequence of SEQID NO: 26 
or a variant thereof is preferred for use in combination with 
Klebsiella phage Phi K02 protelomerase of SEQID NO: 11 
and variants thereof. A protelomerase target sequence com 
prising the sequence of SEQID NO: 27 or a variant thereof is 
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10 
preferred for use in combination with Yersinia phage PY54 
protelomerase of SEQ ID NO: 9 and variants thereof. A 
protelomerase target sequence comprising the sequence of 
SEQ ID NO: 28 or a variant thereof is preferred for use in 
combination with Vibrio phage VP882 protelomerase of SEQ 
ID NO: 13 and variants thereof. A protelomerase target 
sequence comprising the sequence of SEQ ID NO: 29 or a 
variant thereof is preferred for use in combination with a 
Borrelia burgdorferi protelomerase. 

Variants of any of the palindrome or protelomerase target 
sequences described above include homologues or mutants 
thereof. Mutants include truncations, substitutions or dele 
tions with respect to the native sequence. A variant sequence 
is any sequence whose presence in the DNA template allows 
for its conversion into a closed linear DNA by the enzymatic 
activity of protelomerase. This can readily be determined by 
use of an appropriate assay for the formation of closed linear 
DNA. Any suitable assay described in the art may be used. An 
example of a Suitable assay is described in Deneke et al. 
PNAS (2000) 97,7721-7726. Preferably, the variant allows 
for protelomerase binding and activity that is comparable to 
that observed with the native sequence. Examples of pre 
ferred variants of palindrome sequences described herein 
include truncated palindrome sequences that preserve the 
perfect repeat structure, and remain capable of allowing for 
formation of closed linear DNA. However, variant protelom 
erase target sequences may be modified such that they no 
longer preserve a perfect palindrome, provided that they are 
able to act as Substrates for protelomerase activity. 

It should be understood that the skilled person would 
readily be able to identify suitable protelomerase target 
sequences for use in the invention on the basis of the structural 
principles outlined above. Candidate protelomerase target 
sequences can be screened for their ability to promote forma 
tion of closed linear DNA using the assays described above. 
The DNA template may comprise more than one protelom 

erase target sequence, for example, two, three, four, five, ten 
or more protelomerase target sequences. Use of multiple pro 
telomerase target sequences can allow for excision of short 
closed linear DNAS comprising sequences of interest from a 
larger DNA molecule. In particular, one or more sequences of 
interest in the DNA template may be flanked on either side (i.e 
5' and 3') by a protelomerase target sequence. The two flank 
ing protelomerase sequences can then mediate excision of 
each short sequence of interest from the amplified DNA as a 
closed linear DNA, subject to the action of protelomerase (as 
shown in FIG. 5). The DNA template may comprise one or 
more sequences of interest (preferably expression cassettes) 
flanked on either side by protelomerase target sequences. The 
DNA template may comprise two, three, four, five or more 
sequences of interest flanked by protelomerase target 
sequences as described above. 

In a preferred embodiment, the process of the invention 
uses a DNA template comprising an expression cassette 
flanked on either side by a protelomerase target sequence. The 
expression cassette preferably comprises a eukaryotic pro 
moter operably linked to a coding sequence of interest, and 
optionally a eukaryotic transcription termination sequence. 
In this embodiment, following amplification of the template 
DNA, and contacting with protelomerase according to the 
invention, the expression cassette is released from the ampli 
fied template as a closed linear DNA. Unnecessary sequences 
in the template DNA are concomitantly deleted as a result 
from the product. 

Such unnecessary or extraneous sequences (also described 
as bacterial or vector sequences) may include bacterial ori 
gins of replication, bacterial selection markers (e.g. antibiotic 
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resistance genes), and unmethylated CpG dinucleotides. 
Deletion of Such sequences creates a “minimal’ expression 
cassette which does not contain extraneous genetic material. 
Also, bacterial sequences of the type described above can be 
problematic in Some therapeutic approaches. For example, 
within a mammalian cell, bacterial/plasmid DNA can cause 
the cloned gene to Switch off such that Sustained expression of 
the protein of interest cannot be achieved. Also, antibiotic 
resistance genes used in bacterial propagation can cause a risk 
to human health. Furthermore, bacterial plasmid/vector DNA 
may trigger an unwanted non-specific immune response. A 
specific characteristic of bacterial DNA sequences, the pres 
ence of unmethylated cytosine-guanine dinucleotides, typi 
cally known as CpG motifs, may also lead to undesired 
immune responses. 

In some embodiments, particularly where the closed linear 
DNA product is a DNA vaccine, CpG motifs may be retained 
in the sequence of the product. This is because they can have 
a beneficial adjuvant effect on the immune response to the 
encoded protein. 

Thus, the invention provides an in vitro process for the 
production of a closed linear expression cassette DNA. This 
process comprises a) contacting a DNA template comprising 
at least one expression cassette flanked on either side by a 
protelomerase target sequence with at least one DNA poly 
merase in the presence of one or more primers under condi 
tions promoting amplification of said template; and b) con 
tacting amplified DNA produced in a) with at least one, 
protelomerase under conditions promoting formation of a 
closed linear expression cassette DNA. The closed linear 
expression cassette DNA product may comprise, consist or 
consist essentially of a eukaryotic promoter operably linked 
to a coding sequence of interest, and optionally a eukaryotic 
transcription termination sequence. The closed linear expres 
sion cassette DNA product may additionally lack one or more 
bacterial or vector sequences, typically selected from the 
group consisting of: (i) bacterial origins of replication; (ii) 
bacterial selection markers (typically antibiotic resistance 
genes) and (iii) unmethylated CpG motifs. 
As outlined above, any DNA template comprising at least 

one protelomerase target sequence may be amplified accord 
ing to the process of the invention. Thus, although production 
of DNA vaccines and other therapeutic DNA molecules is 
preferred, the process of the invention may be used to produce 
any type of closed linear DNA. The DNA template may be a 
double stranded (ds) or a single stranded (ss) DNA. A double 
stranded DNA template may be an open circular double 
stranded DNA, a closed circular double stranded DNA, an 
open linear double stranded DNA or a closed linear double 
stranded DNA. Preferably, the template is a closed circular 
double stranded DNA. Closed circular dsDNA templates are 
particularly preferred for use with RCA DNA polymerases. A 
circular dsDNA template may be in the form of a plasmid or 
other vector typically used to house a gene for bacterial 
propagation. Thus, the process of the invention may be used 
to amplify any commercially available plasmid or other vec 
tor, Such as a commercially available DNA medicine, and 
then convert the amplified vector DNA into closed linear 
DNA. 
An open circular dsDNA may be used as a template where 

the DNA polymerase is a strand displacement polymerase 
which can initiate amplification from at a nicked DNA strand. 
In this embodiment, the template may be previously incu 
bated with one or more enzymes which nicka DNA strand in 
the template at one or more sites. A closed linear dsDNA may 
also be used as a template. The closed linear dsDNA template 
(starting material) may be identical to the closed linear DNA 
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product. Where a closed linear DNA is used as a template, it 
may be incubated under denaturing conditions to form a 
single stranded circular DNA before or during conditions 
promoting amplification of the template DNA. 
As outlined above, the DNA template typically comprises 

an expression cassette as described above, i.e comprising, 
consisting or consisting essentially of a eukaryotic promoter 
operably linked to a sequence encoding a protein of interest, 
and optionally a eukaryotic transcription termination 
sequence. Optionally the expression cassette may be a mini 
mal expression cassette as defined above, i.e lacking one or 
more bacterial or vector sequences, typically selected from 
the group consisting of: (i) bacterial origins of replication; (ii) 
bacterial selection markers (typically antibiotic resistance 
genes) and (iii) unmethylated CpG motifs. 
The DNA template may be provided in an amount suffi 

cient for use in the process by any method known in the art. 
For example, the DNA template may be produced by the 
polymerase chain reaction (PCR). Where the DNA template 
is a dsDNA, it may be provided for the amplification step as 
denatured single strands by prior incubation at a temperature 
of at least 94 degrees centigrade. Thus, the process of the 
invention preferably comprises a step of denaturing a dsDNA 
template to provide single stranded DNA. Alternatively, the 
dsDNA template may be provided in double-stranded form. 
The whole or a selected portion of the DNA template may be 
amplified in the reaction. 
The DNA template is contacted with at least one DNA 

polymerase under conditions promoting amplification of said 
template. Any DNA polymerase may be used. Any commer 
cially available DNA polymerase is suitable for use in the 
process of the invention. Two, three, four, five or more differ 
ent DNA polymerases may be used, for example one which 
provides a proof reading function and one or more others 
which do not. DNA polymerases having different mecha 
nisms may be used e.g strand displacement type polymerases 
and DNA polymerases replicating DNA by other methods. A 
suitable example of a DNA polymerase that does not have 
strand displacement activity is T4 DNA polymerase. 

It is preferred that a DNA polymerase is highly stable, such 
that its activity is not substantially reduced by prolonged 
incubation under process conditions. Therefore, the enzyme 
preferably has a long half-life under a range of process con 
ditions including but not limited to temperature and pH. It is 
also preferred that a DNA polymerase has one or more char 
acteristics suitable for a manufacturing process. The DNA 
polymerase preferably has high fidelity, for example through 
having proof-reading activity. Furthermore, it is preferred 
that a DNA polymerase displays high processivity, high 
strand-displacement activity and a low Km for dNTPs and 
DNA. A DNA polymerase may be capable of using circular 
and/or linear DNA as template. The DNA polymerase may be 
capable of using dsDNA or ssdNA as a template. It is pre 
ferred that a DNA polymerase does not display non-specific 
exonuclease activity. 
The skilled person can determine whether or not a given 

DNA polymerase displays characteristics as defined above by 
comparison with the properties displayed by commercially 
available DNA polymerases, e.g. phi29, DeepVent(R) and 
Bacillus Stearothermophilus (Bst) DNA polymerase I, SEQ 
ID NOS: 2, 3 and 5 respectively. Bst DNA polymerase I is 
commercially available from New England Biolabs, Inc. 
Where a high processivity is referred to, this typically denotes 
the average number of nucleotides added by a DNA poly 
merase enzyme per association/dissociation with the tem 
plate, i.e the length of primer extension obtained from a single 
association event. 
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Strand displacement-type polymerases are preferred. Pre 
ferred strand displacement-type polymerases are Phi 29 (SEQ 
ID NO: 2), Deep Vent(R) (SEQ ID NO: 3) and Bst DNA 
polymerase I (SEQ ID NO: 5) or variants of any thereof. 
Variants of SEQID NOs: 2,3 and 5 may be as defined below 
in relation to protelomerase enzymes. The term “strand dis 
placement' is used herein to describe the ability of a DNA 
polymerase to displace complementary strands on encounter 
ing a region of double stranded DNA during DNA synthesis. 
It should be understood that strand displacement amplifica 
tion methods differ from PCR-based methods in that cycles of 
denaturation are not essential for efficient DNA amplifica 
tion, as double-stranded DNA is not an obstacle to continued 
synthesis of new DNA strands. In contrast, PCR methods 
require cycles of denaturation (i.e elevating temperature to 94 
degrees centigrade or above) during the amplification process 
to melt double-stranded DNA and provide new single 
Stranded templates. 
A strand displacement DNA polymerase used in the 

method of the invention preferably has a processivity (primer 
extension length) of at least 20 kb, more preferably, at least 30 
kb, at least 50 kb, or at least 70 kb or greater. In particularly 
preferred embodiments, the strand displacement DNA poly 
merase has a processivity that is comparable to, or greater 
than phi29 DNA polymerase. 
A preferred strand displacement replication process is roll 

ing circle amplification (RCA). The term RCA describes the 
ability of RCA-type DNA polymerases (also referred to 
hereinas RCA polymerases) to continuously progress around 
a circular DNA template strand whilst extending a hybridised 
primer. This leads to formation of linear single stranded prod 
ucts with multiple repeats of amplified DNA. These linear 
single stranded products serve as the basis for multiple 
hybridisation, primer extension and strand displacement 
events, resulting in formation of concatameric double 
Stranded DNA products, again comprising multiple repeats of 
amplified DNA. There are thus multiple copies of each ampli 
fied “single unit' DNA in the concatameric double stranded 
DNA products. 
RCA polymerases are particularly preferred for use in the 

process of the present invention. The products of RCA-type 
Strand displacement replication processes conventionally 
require complex processing to release single unit DNAS. Ben 
eficially, according to the present invention, use of protelom 
erase catalytic functions allows this processing to be carried 
out in a single step. The use of protelomerase also directly 
generates the desired closed linear DNA structure without 
need for additional processing step(s) to form molecules hav 
ing this structure. 

In order to allow for amplification according to the inven 
tion, it is preferred that the DNA template is also contacted 
with one or more primers. The primers may be non-specific 
(i.e random in sequence) or may be specific for one or more 
sequences comprised within the DNA template. It is preferred 
that the primers are of random sequence so as to allow for 
non-specific initiation at any site on the DNA template. This 
allows for high efficiency of amplification through multiple 
initiation reactions from each template Strand. Examples of 
random primers are hexamers, heptamers, octamers, nonam 
ers, decamers or sequences greater in length, for example of 
12, 15, 18, 20 or 30 nucleotides in length. A random primer 
may be of 6 to 30, 8 to 30 or 12 to 30 nucleotides in length. 
Random primers are typically provided as a mix of oligo 
nucleotides which are representative of all potential combi 
nations of e.g. hexamers, heptamers, octamers or nonamers in 
the DNA template. 
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In other embodiments, the primers are specific. This means 

they have a sequence which is complementary to a sequence 
in the DNA template from which initiation of amplification is 
desired. In this embodiment, a pair of primers may be used to 
specifically amplify a portion of the DNA template which is 
internal to the two primer binding sites. Primers may be 
unlabelled, or may comprise one or more labels, for example 
radionuclides or fluorescent dyes. Primers may also comprise 
chemically modified nucleotides. Primer lengths/sequences 
may typically be selected based on temperature consider 
ations i.e as being able to bind to the template at the tempera 
ture used in the amplification step. 
The contacting of the DNA template with the DNA poly 

merase and one or more primers takes place under conditions 
promoting annealing of primers to the DNA template. The 
conditions include the presence of single-stranded DNA 
allowing for hybridisation of the primers. The conditions also 
include a temperature and buffer allowing for annealing of the 
primer to the template. Appropriate annealing/hybridisation 
conditions may be selected depending on the nature of the 
primer. An example of preferred annealing conditions used in 
the present invention include a buffer 30 mM Tris-HCl pH 
7.5, 20 mMKC1, 8 mMMgCl. The annealing may be carried 
out following denaturation by gradual cooling to the desired 
reaction temperature. 
Once the DNA template is contacted with the DNA poly 

merase and one or more primers, there is then a step of 
incubation under conditions promoting amplification of said 
template. Preferably, the conditions promote amplification of 
said template by displacement of replicated Strands through 
Strand displacement replication of another Strand. The condi 
tions comprise use of any temperature allowing for amplifi 
cation of DNA, commonly in the range of 20 to 90 degrees 
centigrade. A preferred temperature range may be about 20 to 
about 40 or about 25 to about 35 degrees centigrade. 

Typically, an appropriate temperature is selected based on 
the temperature at which a specific DNA polymerase has 
optimal activity. This information is commonly available and 
forms part of the general knowledge of the skilled person. For 
example, where phi29 DNA polymerase is used, a suitable 
temperature range would be about 25 to about 35 degrees 
centigrade, preferably about 30 degrees centigrade. The 
skilled person would routinely be able to identify a suitable 
temperature for efficient amplification according to the pro 
cess of the invention. For example, the process could be 
carried out at a range oftemperatures, and yields of amplified 
DNA could be monitored to identify an optimal temperature 
range for a given DNA polymerase. 

Other conditions promoting amplification of the DNA tem 
plate comprise the presence of a DNA polymerase and one or 
more primers. The conditions also include the presence of all 
four dNTPs, ATP, TTP, CTP and GTP. suitable buffering 
agents/pH and other factors which are required for enzyme 
performance or stability. Suitable conditions include any con 
ditions used to provide for activity of DNA polymerase 
enzymes known in the art. 

For example, the pH may be within the range of 3 to 10, 
preferably 5 to 8 or about 7, such as about 7.5. pH may be 
maintained in this range by use of one or more buffering 
agents. Such buffers include, but are not restricted to MES, 
Bis-Tris, ADA, ACES, PIPES, MOBS, MOPS, MOPSO, Bis 
Tris Propane, BES, TES, HEPES, DIPSO, TAPSO, Trizma, 
HEPPSO, POPSO, TEA, EPPS, Tricine, Gly-Gly, Bicine, 
HEPBS, TAPS, AMPD, TABS, AMPSO, CHES, CAPSO, 
AMP, CAPS, CABS, phosphate, citric acid-sodium hydrogen 
phosphate, citric acid-sodium citrate, Sodium acetate-acetic 
acid, imidazole and Sodium carbonate-sodium bicarbonate. 
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The reaction may also comprise salts of divalent metals such 
as but not limited to salts of magnesium (Mg) and manga 
nese (Mn), including chlorides, acetates and Sulphates. 
Salts of monovalent metals may also be included. Such as 
Sodium salts and potassium salts, for example potassium 
chloride. Other salts that may be included are ammonium 
salts, in particular ammonium Sulphate. 

Detergents may also be included. Examples of suitable 
detergents include Triton X-100. Tween 20 and derivatives of 
either thereof. Stabilising agents may also be included in the 
reaction. Any Suitable stabilising agent may be used, in par 
ticular, bovine serum albumin (BSA) and other stabilising 
proteins. Reaction conditions may also be improved by add 
ing agents that relax DNA and make template denaturation 
easier. Such agents include, for example, dimethyl SulphoX 
ide (DMSO), formamide, glycerol and betaine. 

It should be understood that the skilled person is able to 
modify and optimise amplification and incubation conditions 
for the process of the invention on the basis of their general 
knowledge. Likewise the specific concentrations of particular 
agents may be selected on the basis of previous examples in 
the art and further optimised on the basis of general knowl 
edge. As an example, a Suitable reaction buffer used in RCA 
based methods in the art is 50 mM Tris HCl, pH 7.5, 10 mM 
MgCl, 20 mM (NH)SO 5% glycerol, 0.2 mM BSA, 1 
mM dNTPs. A preferred reaction buffer used in the RCA 
amplification of the invention is 35 mM Tris-HCl, 50 mM 
KC1, 14 mMMgCl2, 10 mM (NH), SO4, 4 mMDTT, 1 mM 
dNTP. This buffer is particularly suitable for use with phi29 
RCA polymerase. 
The reaction conditions may also comprise use of one or 

more additional proteins. The DNA template may be ampli 
fied in the presence of at least one pyrophosphatase, such as 
Yeast Inorganic pyrophosphatase. Two, three, four, five or 
more different pyrophosphatases may be used. These 
enzymes are able to degrade pyrophosphate generated by the 
DNA polymerase from dNTPs during strand replication. 
Buildup of pyrophosphate in the reaction can cause inhibition 
of DNA polymerases and reduce speed and efficiency of DNA 
amplification. Pyrophosphatases can break down pyrophos 
phate into non-inhibitory phosphate. An example of a Suitable 
pyrophosphatase for use in the process of the present inven 
tion is Saccharomyces cerevisiae pyrophosphatase, available 
commercially from New England Biolabs, Inc 
Any single-stranded binding protein (SSBP) may be used 

in the process of the invention, to stabilise single-stranded 
DNA. SSBPs are essential components of living cells and 
participate in all processes that involve ssDNA, such as DNA 
replication, repair and recombination. In these processes, 
SSBPs bind to transiently formed ssDNA and may help sta 
bilise ssDNA structure. An example of a suitable SSBP for 
use in the process of the present invention is T4 gene 32 
protein, available commercially from New England Biolabs, 
Inc. 

In addition to the amplification step, the process of the 
invention also comprises a processing step for production of 
closed linear DNA. Amplified DNA is contacted with at least 
one protelomerase under conditions promoting production of 
closed linear DNA. This simple processing step based on 
protelomerase is advantageous over other methods used for 
production of closed linear DNA molecules. The amplifica 
tion and processing steps can be carried out simultaneously or 
concurrently. However, preferably, the amplification and pro 
cessing steps are carried out sequentially with the processing 
step being carried out Subsequent to the amplification step (i.e 
on amplified DNA). 
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A protelomerase used in the invention is any polypeptide 

capable of cleaving and rejoining a template comprising a 
protelomerase target site in order to produce a covalently 
closed linear DNA molecule. Thus, the protelomerase has 
DNA cleavage and ligation functions. Enzymes having pro 
telomerase-type activity have also been described as telomere 
resolvases (for example in Borrelia burgdorferi). A typical 
substrate for protelomerase is circular double stranded DNA. 
If this DNA contains a protelomerase target site, the enzyme 
can cut the DNA at this site and ligate the ends to create a 
linear double stranded covalently closed DNA molecule. The 
requirements for protelomerase target sites are discussed 
above. As also outlined above, the ability of a given polypep 
tide to catalyse the production of closed linear DNA from a 
template comprising a protelomerase target site can be deter 
mined using any suitable assay described in the art. 

Protelomerase enzymes have been described in bacte 
riophages. In some lysogenic bacteria, bacteriophages exist 
as extrachromosomal DNA comprising linear double strands 
with covalently closed ends. The replication of this DNA and 
the maintenance of the covalently closed ends (or telomeric 
ends) are dependent on the activity of the enzyme, protelom 
erase. The role of protelomerase in the replication of the viral 
DNA is illustrated in FIG. 1. An example of this catalytic 
activity is provided by the enzyme, TelN from the bacterioph 
age, N15 that infects Escherichia coli. TelN recognises a 
specific nucleotide sequence in the circular double stranded 
DNA. This sequence is a slightly imperfect inverted palindro 
mic structure termed telRL comprising two halves, telR and 
telL, flanking a 22 base pair inverted perfect repeat (telO) (see 
FIG. 2). Two telRL sites are formed in the circular double 
stranded DNA by the initial activity of specific DNA poly 
merase acting on the linear prophage DNA. TelN converts this 
circular DNA into two identical linear prophage DNA mol 
ecules completing the replication cycle. telR and telL com 
prise the closed ends of the linear prophage DNA enabling the 
DNA to be replicated further in the same way. 
The process of the invention requires use of at least one 

protelomerase. The process of the invention may comprise 
use of more than one protelomerase, such as two, three, four, 
five or more different protelomerases. Examples of suitable 
protelomerases include those from bacteriophages such as 
phiHAP-1 from Halomonas aquamarina (SEQ ID NO: 7). 
PY54 from Yersinia enterolytica (SEQ ID NO: 9), phiKO2 
from Klebsiella oxytoca (SEQ ID NO: 11) and VP882 from 
Vibrio sp. (SEQID NO: 13), and N15 from Escherichia coli 
(SEQ ID NO: 15), or variants of any thereof. Use of bacte 
riophage N15 protelomerase (SEQ ID NO: 15) or a variant 
thereof is particularly preferred. 

Variants of SEQ ID NOs: 7, 9, 11, 13 and 15 include 
homologues or mutants thereof. Mutants include truncations, 
Substitutions or deletions with respect to the native sequence. 
A variant must produce closed linear DNA from a template 
comprising a protelomerase target site as described above. 
Any homologues mentioned herein are typically a func 

tional homologue and are typically at least 40% homologous 
to the relevant region of the native protein. Homology can be 
measured using known methods. For example the UWGCG 
Package provides the BESTFIT program which can be used 
to calculate homology (for example used on its default set 
tings) (Devereux et al (1984) Nucleic Acids Research 12, 
387-395). The PILEUP and BLAST algorithms can be used 
to calculate homology or line up sequences (typically on their 
default settings), for example as described in Altschul S. F. 
(1993) J Mol Evol 36:290-300; Altschul, S, Fetal (1990) J 
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Mol Biol 215:403-10. Software for performing BLAST 
analyses is publicly available through the National Center for 
Biotechnology Information. 
The BLAST algorithm performs a statistical analysis of the 

similarity between two sequences; see e.g., Karlin and Alts 
chul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-5787. One 
measure of similarity provided by the BLAST algorithm is 
the smallest sum probability (P(N)), which provides an indi 
cation of the probability by which a match between two 
nucleotide or amino acid sequences would occur by chance. 
For example, a sequence is considered similar to another 
sequence if the Smallest Sum probability in comparison of the 
first sequence to the second sequence is less than about 1, 
preferably less than about 0.1, more preferably less than 
about 0.01, and most preferably less than about 0.001. 
A variant polypeptide comprises (or consists of) sequence 

which has at least 40% identity to the native protein. In 
preferred embodiments, a variant sequence may be at least 
55%, 65%, 70%, 75%, 80%, 85%, 90% and more preferably 
at least 95%, 97% or 99% homologous to a particular region 
of the native protein over at least 20, preferably at least 30, for 
instance at least 40, 60, 100, 200, 300, 400 or more contigu 
ous amino acids, or even over the entire sequence of the 
variant. Alternatively, the variant sequence may be at least 
55%, 65%, 70%, 75%, 80%, 85%, 90% and more preferably 
at least 95%, 97% or 99% homologous to full-length native 
protein. Typically the variant sequence differs from the rel 
evant region of the native protein by at least, or less than, 2, 5. 
10, 20, 40, 50 or 60 mutations (each of which can be substi 
tutions, insertions or deletions). A variant sequence of the 
invention may have a percentage identity with a particular 
region of the full-length native protein which is the same as 
any of the specific percentage homology values (i.e. it may 
have at least 40%, 55%, 80% or 90% and more preferably at 
least 95%, 97% or 99% identity) across any of the lengths of 
sequence mentioned above. 

Variants of the native protein also include truncations. Any 
truncation may be used so long as the variant is still able to 
produce closed linear DNA as described above. Truncations 
will typically be made to remove sequences that are non 
essential for catalytic activity and/or do not affect conforma 
tion of the folded protein, in particular folding of the active 
site. Truncations may also be selected to improve solubility of 
the protelomerase polypeptide. Appropriate truncations can 
routinely be identified by Systematic truncation of sequences 
of varying length from the N- or C-terminus. 

Variants of the native protein further include mutants 
which have one or more, for example, 2,3,4, 5 to 10, 10 to 20, 
20 to 40 or more, amino acid insertions, Substitutions or 
deletions with respect to a particular region of the native 
protein. Deletions and insertions are made preferably outside 
of the catalytic domain. Insertions are typically made at the 
N- or C-terminal ends of a sequence derived from the native 
protein, for example for the purposes of recombinant expres 
Sion. Substitutions are also typically made in regions that are 
non-essential for catalytic activity and/or do not affect con 
formation of the folded protein. Such substitutions may be 
made to improve solubility or other characteristics of the 
enzyme. Although not generally preferred, Substitutions may 
also be made in the active site or in the second sphere, i.e. 
residues which affect or contact the position or orientation of 
one or more of the amino acids in the active site. These 
Substitutions may be made to improve catalytic properties. 

Substitutions preferably introduce one or more conserva 
tive changes, which replace amino acids with other amino 
acids of similar chemical structure, similar chemical proper 
ties or similar side-chain Volume. The amino acids introduced 
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may have similar polarity, hydrophilicity, hydrophobicity, 
basicity, acidity, neutrality or charge to the amino acids they 
replace. Alternatively, the conservative change may introduce 
anotheramino acid that is aromatic oraliphatic in the place of 
a pre-existing aromatic oraliphatic amino acid. Conservative 
amino acid changes are well known in the art and may be 
selected in accordance with the properties of the 20 main 
amino acids as defined in Table A. 

TABLE A 

Chemical properties of amino acids 

Ala aliphatic, hydrophobic, neutral Met hydrophobic, neutral 
CyS polar, hydrophobic, neutral ASn polar, hydrophilic, neutral 
Asp polar, hydrophilic, Pro hydrophobic, neutral 

charged (-) 
Glu polar, hydrophilic, Glin polar, hydrophilic, neutral 

charged (-) 
Phe aromatic, hydrophobic, Arg polar, hydrophilic, 

neutral charged (+) 
Gly aliphatic, neutral Ser polar, hydrophilic, neutral 
His aromatic, polar, hydrophilic, Thr polar, hydrophilic, neutral 

charged (+) 
Ile aliphatic, hydrophobic, neutral Val aliphatic, hydrophobic, 

neutral 
Lys polar, hydrophilic, charged (+) Trp aromatic, hydrophobic, 

neutral 
Leu aliphatic, hydrophobic, neutral Tyr aromatic, polar, 

hydrophobic 

It is particularly preferred that the variant is able to produce 
closed linear DNA as described above with an efficiency that 
is comparable to, or the same as the native protein. 
As outlined above, it is preferred that the amplification of 

DNA according to the process of the invention is carried out 
by a strand displacement DNA polymerase, more preferably 
an RCA DNA polymerase. The combination of an RCA DNA 
polymerase and a protelomerase in an in vitro cell free pro 
cess allows for Surprising efficiency and simplicity in the 
production of closed linear DNA. 
As discussed above, long linear single stranded DNA mol 

ecules are initially formed in Strand displacement reactions 
which then serve as new templates, such that double stranded 
molecules are formed (FIG. 4). The double stranded mol 
ecules comprise a continuous series of tandem units of the 
amplified DNA formed by the processive action of strand 
displacement polymerases (a concatamer). These concata 
meric DNA products comprise multiple repeats of the ampli 
fied template DNA. A concatamer generated in the process of 
the invention therefore comprises multiple units of sequence 
amplified from the DNA template. The concatamer may com 
prise 10, 20, 50, 100, 200, 500 or 1000 or more units of 
amplified sequence, depending on the length of the single unit 
which is to be amplified. The concatamer may be at least 5 kb, 
at least 10 kb, at least 20 kb, more preferably at least 30 kb, at 
least 50 kb, or at least 70 kb or greater in size. 

In many embodiments, for example in the production of 
DNA medicines, the amplified DNA will be required for use 
as a single unit. Therefore, Such concatamers require process 
ing to release single units of the amplified DNA. In order to 
convert this concatemeric DNA into single units of amplified 
DNA, it needs to be precisely cut and the ends of the paired 
Strands require religation. Conventionally, this could be done 
by incorporation of restriction endonuclease sites into the 
DNA template. Thus, restriction endonucleases could be 
incubated with concatamers to cleave at their recognition 
sites and release single units. The open linear double stranded 
DNA formed by the action of restriction endonucleases could 
then be incubated with a DNA ligase enzyme to covalently 
close the single unit DNAs. 
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According to the present invention, the processing of con 
catameric DNA into closed linear single unit DNAs is 
achieved by use of a single enzyme, protelomerase. This 
represents an advantageous simplicity and economy in a pro 
cess for generation of closed linear DNA molecules. Firstly, 
cleavage and religation of single units is achieved by incuba 
tion with a single enzyme. Secondly, the single units are also 
released having the desired closed linear structure, and so 
additional processing steps to generate this structure (i.e from 
a covalently closed circular single unit DNA) are not 
required. 
The DNA amplified from the DNA template is incubated 

with at least one protelomerase under conditions promoting 
production of closed linear DNA. In other words, the condi 
tions promote the cleavage and religation of a double stranded 
DNA comprising a protelomerase target sequence to form a 
covalently closed linear DNA with hairpin ends. Conditions 
promoting production of closed linear DNA comprise use of 
any temperature allowing for production of closed linear 
DNA, commonly in the range of 20 to 90 degrees centigrade. 
The temperature may preferably be in a range of 25 to 40 
degrees centigrade, such as about 25 to about 35 degrees 
centigrade, or about 30 degrees centigrade. Appropriate tem 
peratures for a specific protelomerase may be selected 
according to the principles outlined above in relation to tem 
perature conditions for DNA polymerases. A suitable tem 
perature for use with E. coli bacteriophage TelN protelom 
erase of SEQ ID NO: 15 is about 25 to about 35 degrees 
centigrade, Such as about 30 degrees centigrade. 

Conditions promoting production of closed linear DNA 
also comprise the presence of a protelomerase and Suitable 
buffering agents/pH and other factors which are required for 
enzyme performance or stability. Suitable conditions include 
any conditions used to provide for activity of protelomerase 
enzymes known in the art. For example, where E. coli bacte 
riophage TelN protelomerase is used, a suitable buffer may be 
20 mM TrishC1, pH 7.6: 5 mM CaCl; 50 mM potassium 
glutamate, 0.1 mM EDTA; 1 mM Dithiothreitol (DTT). 
Agents and conditions to maintain optimal activity and sta 
bility may also be selected from those listed for DNA poly 
CaSS. 

In some embodiments, it may be possible to use the same 
conditions for activity of protelomerase as are used for DNA 
amplification. In particular, use of the same conditions is 
described where DNA amplification and processing by pro 
telomerase are carried out simultaneously or concurrently. In 
other embodiments, it may be necessary to change reaction 
conditions where conditions used to provide optimal DNA 
polymerase activity lead to Sub-optimal protelomerase activ 
ity. Removal of specific agents and change in reaction condi 
tions may beachievable by filtration, dialysis and other meth 
ods known in the art. The skilled person would readily be able 
to identify conditions allowing for optimal DNA polymerase 
activity and/or protelomerase activity. 

In a particularly preferred embodiment, for use in amplifi 
cation of DNA by an RCA DNA polymerase, preferably 
phi29, the DNA amplification is carried out under buffer 
conditions Substantially identical to or consisting essentially 
of 35 mM Tris-HCl, 50 mM KCl 14 mM MgCl2, 10 mM 
(NH), SO4, 4 mM DTT, 1 mM dNTP at a temperature of 25 
to 35 degrees centigrade, such as about 30 degrees centigrade. 
The processing step with protelomerase may then preferably 
be carried out with TelN, and/or preferably under buffer con 
ditions Substantially identical to or consisting essentially of 
20 mM TrishC1, pH 7.6: 5 mM CaCl; 50 mM potassium 
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glutamate, 0.1 mM EDTA; 1 mM Dithiothreitol (DTT) at a 
temperature of 25 to 35 degrees centigrade, such as about 30 
degrees centigrade. 

All enzymes and proteins for use in the process of the 
invention may be produced recombinantly, for example in 
bacteria. Any means known to the skilled person allowing for 
recombinant expression may be used. A plasmid or other 
form of expression vector comprising a nucleic acid sequence 
encoding the protein of interest may be introduced into bac 
teria, such that they express the encoded protein. For 
example, for expression of SEQID NOs: 2, 5, 7, 9, 11, 13 or 
15, the vector may comprise the sequence of SEQID NOs: 1, 
4, 6, 8, 10, 12 or 14 respectively. The expressed protein will 
then typically be purified, for example by use of an affinity 
tag, in a sufficient quantity and provided in a form Suitable for 
use in the process of the invention. Such methodology for 
recombinant protein production is routinely available to the 
skilled person on the basis of their general knowledge. The 
above discussion applies to the provision of any protein dis 
cussed herein. 

Amplified DNA obtained by contacting of the DNA tem 
plate with a DNA polymerase may be purified prior to con 
tacting with a protelomerase. Thus, the process of the inven 
tion may further comprise a step of purifying DNA amplified 
from the DNA template. However, in a preferred embodi 
ment, the process is carried out without purification of ampli 
fied DNA prior to contacting with protelomerase. This means 
the amplification and processing steps can be carried out 
consecutively, typically in the same container or solution. In 
Some such embodiments, the process involves the addition of 
a buffer providing for protelomerase activity i.e. to provide 
conditions promoting formation of closed linear DNA. 

Following production of closed linear DNA by the action 
of protelomerase, the process of the invention may further 
comprise a step of purifying the linear covalently closed DNA 
product. The purification referred to above will typically be 
performed to remove any undesired products. Purification 
may be carried out by any suitable means known in the art. For 
example, processing of amplified DNA or linear covalently 
closed DNA may comprise phenol/chloroform nucleic acid 
purification or the use of a column which selectively binds 
nucleic acid, such as those commercially available from 
Qiagen. The skilled person can routinely identify suitable 
purification techniques for use in isolation of amplified DNA. 
Once linear covalently closed DNA has been generated and 

purified in a Sufficient quantity, the process may further com 
prise its formulation as a DNA composition, for example a 
therapeutic DNA composition. A therapeutic DNA composi 
tion will comprise a therapeutic DNA molecule of the type 
referred to above. Such a composition will comprise a thera 
peutically effective amount of the DNA in a form suitable for 
administration by a desired route e.g. anaerosol, an injectable 
composition or a formulation Suitable for oral, mucosal or 
topical administration. 

Formulation of DNA as a conventional pharmaceutical 
preparation may be done using standard pharmaceutical for 
mulation chemistries and methodologies, which are available 
to those skilled in the art. Any pharmaceutically acceptable 
carrier or excipient may be used. Auxiliary Substances. Such 
as wetting or emulsifying agents, pH buffering Substances 
and the like, may be present in the excipient or vehicle. These 
excipients, vehicles and auxiliary Substances are generally 
pharmaceutical agents which may be administered without 
undue toxicity and which, in the case of vaccine compositions 
will not induce an immune response in the individual receiv 
ing the composition. A suitable carrier may be a liposome. 
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Pharmaceutically acceptable excipients include, but are 
not limited to, liquids such as water, Saline, polyethylenegly 
col, hyaluronic acid, glycerol and ethanol. Pharmaceutically 
acceptable salts can also be included therein, for example, 
mineral acid salts such as hydrochlorides, hydrobromides, 
phosphates, Sulfates, and the like; and the salts of organic 
acids such as acetates, propionates, malonates, benzoates, 
and the like. It is also preferred, although not required, that the 
preparation will contain a pharmaceutically acceptable 
excipient that serves as a stabilizer, particularly for peptide, 
protein or other like molecules if they are to be included in the 
composition. Examples of Suitable carriers that also act as 
stabilizers for peptides include, without limitation, pharma 
ceutical grades of dextrose, Sucrose, lactose, trehalose, man 
nitol, sorbitol, inositol, dextran, and the like. Other suitable 
carriers include, again without limitation, starch, cellulose, 
Sodium or calcium phosphates, citric acid, tartaric acid, gly 
cine, high molecular weight polyethylene glycols (PEGs), 
and combination thereof. A thorough discussion of pharma 
ceutically acceptable excipients, vehicles and auxiliary Sub 
Stances is available in REMINGTON'S PHARMACEUTI 
CAL SCIENCES (Mack Pub.Co., N.J. 1991), incorporated 
herein by reference. 

The process of the invention is carried out in an in vitro 
cell-free environment. Thus, the process is carried out in the 
absence of a host cell and typically comprises use of purified 
enzymatic components. Accordingly, the amplification of a 
template DNA and processing by protelomerase is typically 
carried out by contacting the reaction components in Solution 
in a Suitable container. Optionally, particular components 
may be provided in immobilised form, such as attached to a 
solid support. 

It should be understood that the process of the invention 
may be carried out at any scale. However, it is preferred that 
the process is carried out to amplify DNA at a commercial or 
industrial scale i.e generating amplified DNA in milligramme 
or greater quantities. It is preferred that the process generates 
at least one milligramme, at least 10 milligrammes, at least 20 
milligrammes, at least 50 milligrammes or at least 100 milli 
grammes of amplified DNA. The final closed linear DNA 
product derived from the amplified DNA may also preferably 
be generated in milligramme or greater quantities. It is pre 
ferred that the process generates at least one milligramme, at 
least 2 milligrammes, at least 5 milligrammes, at least 10 
milligrammes, at least 20 milligrammes, at least 50 milli 
grammes, or at least 100 milligrammes of closed linear DNA. 
The invention further provides a kit comprising compo 

nents required to carry out the process of the invention. This 
kit comprises at least one DNA polymerase and at least one 
protelomerase and optionally instructions for use in a process 
as described herein. The kit may comprise two, three, four, 
five or more different DNA polymerases. Preferably, the kit 
comprises at least one strand displacement-type DNA poly 
merase, still more preferably an RCA DNA polymerase. It is 
particularly preferred that the kit comprises phi29 DNA poly 
merase (SEQIDNO: 2), Deep Vent(R) DNA polymerase (SEQ 
ID NO: 3) or Bst 1 DNA polymerase (SEQ ID NO: 5) or a 
variant of any thereof. In some embodiments, DNA poly 
merases that replicate DNA by other methods may also be 
included. The kit comprises at least one protelomerase. The 
kit may comprise two, three, four or more different protelom 
erases. The protelomerases may be selected from any of SEQ 
ID NOs: 5, 7, 9, 11, 13 or 15 or variants of any thereof. It is 
particularly preferred that the kit comprises E. coli N15 TelN 
(SEQ ID NO: 15) or a variant thereof. 
The kit may also comprise at least one single stranded 

binding protein (SSBP). A preferred SSBP is T4 gene 32 
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protein available commercially from New England Biolabs, 
Inc. Two, three, four or more different SSBPs may be 
included in the kit. The kit may further comprise a pyrophos 
phatase. A preferred pyrophosphatase is S. cerevisiae pyro 
phosphatase, available commercially from New England 
Biolabs, Inc. In some embodiments, two, three, four, five or 
more different pyrophosphatases may be included. The kit 
may comprise any DNA polymerase, protelomerase, SSBP or 
pyrophosphatase described herein. The kit may also comprise 
dNTPs, suitable buffers and other factors which are required 
for DNA polymerase and/or protelomerase enzyme perfor 
mance or stability as described above. 

EXAMPLES 

Example 1 

Expression of TelN and Generation of Vector 
Constructs Comprising Protelomerase Target 

Sequences 

TelN was PCR amplified from the commercially available 
cloning vector pAZZ (Lucigen) using modified oligonucle 
otide primers: 
PT1F 5' ATGAGCAAGGTAAAAATCGGTG 3' (SEQ ID 
NO:30) 
PT1R5'TTAGCTGTAGTACGTTTCCCAT3' (SEQID NO: 
31) 
for directional in frame cloning into the commercially avail 
able, pCE-30 vector (Qiagen). This system allows inducible 
expression of 6x N-terminal His tagged proteins from a lac 
promoter whilst providing strong repression in trans from the 
lacI-expressing plasmidpREP4. A number of putative recom 
binant clones were identified in E. coli M15, and validated by 
sequencing to show in frame insertion of TelN. Six clones 
were further characterised in Small scale induction experi 
ments. All clones expressed a protein of 74.5kDa correspond 
ing in molecular weight to recombinant TelN protelomerase. 
TelN was expressed from E. coli M15 pREP4 by inducing 

protein expression from pCE-30 with IPTG, and induced 
cells were sonicated (6 bursts of 30 seconds at 100%) and 
centrifuged (30 min at 25000 g) to yield insoluble and 
insoluble fractions from the cell lysate. Gel analysis showed 
presence of TelN in the soluble fraction. Purification of TelN 
was carried out on a HisTrap column using an Akta Prime 
system (GE Healthcare) with elution using a 0-100% (0.5M) 
imidazole gradient. Purified TelN was dialysed to remove 
imidazole and stored in a buffer of 10 mM Tris HCl pH 7.4, 75 
mM NaCl, 1 mM DTT, 0.1 mM EDTA and 50% glycerol. 

Vector constructs allowing for validation of TelN activity 
were created by directional cloning of synthetic oligonucle 
otides containing the TelN recognition site telRL: 
RL1 
5AGCTTTATCAGCACACAATTGCCCAT 
TATACGCGCGTATAATGG ACTATT GTGTGCTGATAG 
3' (SEQID NO:32) 
RL2 
5'GATCCTATCAGCACACAATAGTCCAT 
TATACGCGCGTATAATGGGCAATT GTGTGCTGATAA 
3' (SEQID NO:33) 
into the BamHI and HindIII sites of plasmids puC18 and 
pBR329. pUC18 has Genbank accession number L09136, 
and may be obtained commercially from Fermentas Cat no. 
SD0051; pBR329 has Genbank Accession number J01753 
and may be obtained commercially from DSMZ Cat no. 
5590). 
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Additionally, for transfection studies, two copies of the 
telRL recognition site were cloned into the luciferase expres 
sion plasmid pGL4.13 (Promega) at the unique SacI and 
BamHI restriction sites flanking the expression cassette for 
the firefly luciferase gene. The first telRL site was cloned into 
the unique SacI site upstream from the SV40 promoter fol 
lowing reannealing of telRL synthetic oligonucleotides with 
SacI overhangs. The second telRL site was cloned down 
stream of the SV40 polyadenylation signal in the unique 
BamH1 site using telRL synthetic oligonucleotides with 
BamHI overhangs. The resulting construct was denoted pGL 
DOG since it allows for the formation of a covalently closed 
linear (doggybone) DNA encoding luciferase to be expressed 
in mammalian cells. 

Example 2 

Validation of TelN Cleavage 

Cleavage of supercoiled, circular puC18 telRL and pGL 
DOG vector constructs by TelN was validated. 100ng of each 
substrate was incubated with 4.5 pmol TelN for 1 hour 40 
minutes at 30 degrees centigrade. The reaction was per 
formed in TelN buffer 10 mM Tris HCl pH 7.6, 5 mM CaCl, 
50 mM potassium glutamate, 0.1 mM EDTA, 1 mM DTT. 

Cleavage products were visualised by native agarose gel 
electrophoresis. Incubation of supercoiled, circular puC18 
telRL with TelN released a 2.7 kb linear fragment indicating 
cleavage. Incubation of supercoiled, circular pGL DOG with 
TelN released two fragments of 2.4 kb indicating cleavage at 
the two telRL sites. 

Additionally, puC18 telRL and pGL DOG were linearised 
by restriction digestion and then incubated with TelN to fur 
ther validate specific cleavage at telRL. 100 ng puC18 telRL 
was linearised with Xmn1 and then incubated with TelN. This 
released expected fragments of 1.9 kb and 0.8 kb. 100 ng pGL 
DOG was linearised with PVul and then incubated with TelN. 
This released expected fragments of 2.4 kb, 1.6 kb and 0.7 kb. 
Similarly, pGL DOG linearised with Pst1 and then incubated 
with TelN released expected fragments of 2.4 kb, 1.1 kb and 
another 1.1 kb. This demonstrated the endonuclease activity 
of TelN on circular and linear DNA substrates comprising a 
protelomerase target sequence. 

In a preliminary assessment of cleavage activity, it was 
found that an excess of TelN at 3.4 pmol cut at least 200 ng 
pUC18 telRL in 1 hour. In a time course experiment, the same 
amount of DNA was cut within around 10 minutes. 

Example 3 

Validation of Rejoining Activity of TelN and 
Formation of Closed Linear DNA 

Validation of the closed linear DNA structure of the prod 
ucts of TelN cleavage was carried out using denaturing gel 
electrophoresis. pGL DOG was incubated with TelN as in 
Example 3. A synthetic PCR product (PCR DOG) corre 
sponding to the region contained within the doggybone, but 
having open DNA ends was used as a control. The PCR DOG 
linear fragment was amplified from pGL DOG using primers 
flanking the telRL sites: 

(SEQ ID NO: 34) 
Sac pcL 5' GTGCAAGTGCAGGTGCCAGAAC 3' ; 

(SEO ID NO: 35) 
Bam pCL 5 GATAAAGAAGACAGTCATAAGTGCGGC 3' . 
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On a native agarose gel 0.8% agarose in TAE buffer (40 

mM Tris-acetate, 1 mM EDTA), the 2.4 kb cleavage product 
obtained by incubation of 100 ng pGL DOG with TelN 
migrated to a similar size as PCR DOG (2.7 kb), since both 
products remain double-stranded. 

However, when run on a denaturing agarose gel 1% aga 
rose in HO run in 50 mM NaOH, 0.1 mM EDTA and neu 
tralised post-run in 1M Tris HCl pH 7.6, 1.5MNaCl allowing 
denaturation and separation of double-stranded DNA into 
single-stranded DNA, the TelN “doggybone fragment 
migrated at a higher molecular weight ca. 5 kb than the 
open-ended PCR control or puC18 telRL linearised with 
XmnI (both 2.7 kb). 

This difference in migration indicated the formation of a 
closedlinear “doggybone' structure by TelN. Denaturation of 
a "doggybone' structure would produce single-stranded open 
circles which migrate more slowly through the gel than the 
linear single strands released on denaturation of an open 
ended linear PCR product. 

Validation of the closed linear structure of products formed 
by TelN was also shown on analysis of thermal denaturation 
by Lab-On-a-Chip (LOC) capillary electrophoresis. LOC 
analysis represents a capillary electrophoresis platform for 
the rapid separation of biological molecules. The Agilent 
Bioanalyzer with DNA7500 chips, (Agilent, UK) can be used 
for the separation and approximate sizing of DNA fragments 
up to 7000 bp. 

This chip system does not detect single stranded DNA. 
Heat denaturation (95°C. for 5 mins) and rapid (<1° C./s) 
cooling 1° C.7s of conventional double stranded DNA under 
low salt conditions e.g. in H2O, results in single stranded 
DNA that cannot be visualised on the LOC system. However, 
DNA ends that are covalently joined in “doggybone' DNA 
(resulting from cleavage by TelN) cannot be separated fol 
lowing denaturation and therefore reanneal to reform double 
stranded DNA that remains visible. Comparison of heat dena 
tured DNA that has been rapidly cooled therefore allows 
discrimination between covalently closed linear (ccl) doggy 
bone DNA and conventional open linear (ol) double stranded 
DNA. 
DNA samples (100 ng) in H2O were denatured (95°C. for 

5 mins), rapidly cooled (<1°C./s) to 4°C. in thin walled PCR 
tubes in a thermal cycler (Biorad I-cycler, Biorad, UK). For 
comparison with TelN cleavage, samples were first incubated 
in 1xTel N buffer with 1 microliter purified protelomerase 
enzyme at 30° C. for 10 min. Control samples were treated 
identically but without enzyme. Samples (1 microliter) were 
analysed using an Agilent Bioanalyser with DNA 7500 chips 
in accordance with manufacturers instructions. 

Results are shown in FIG. 6B. These show that closed 
linear "doggybone' DNA obtained by incubation of pGL 
DOG with TelN is resistant to thermal denaturation as com 
pared with equivalent conventional open linear DNA (PCR 
DOG). Equivalent resistance against heat denaturation was 
also obtained using RCA amplified doggybone DNA result 
ing from RCA amplification and TelN cleavage. 

In other experiments, TelN cleavage was carried out on the 
open-ended PCR DOG. This resulted in the formation of the 
thermostable cleavage product “doggybone' DNA of 2.8 kb, 
and thermostable “doggybone' ends of 0.09 and 0.14 kb. 
The estimated sizes of “doggybone' and PCR DOG in 

LOC analysis ranged from 2.8 kb to 3.0 kb and 3.1-3.5 kb 
respectively compared with sequence data that predicted 
approximate sizes of 2.4 kb and 2.7 kb. This reflects confor 
mational based differences in migration that occur in non 
denaturing LOC analysis. 
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Example 4 

Formation of Closed Linear DNA from 
Concatameric DNA Formed by RCA (Rolling Circle 

Amplification) 

An in vitro cell free process for amplifying a DNA template 
and converting the amplified DNA into closed linear "doggy 
bone' DNAs was carried out. RCA using phi29 enzyme from 
Bacillus subtilis phage phi29 and random hexamers as prim 
ers was used under various conditions to amplify covalently 
closed plasmid templates with and without the telRL site. 
This led to the amplification of concatameric DNA via the 
processive strand displacement activity of phi29. Initial work 
was performed using a TempliPhi kit (GE Healthcare) in 
accordance with manufacturer's instructions. However this 
was later Substituted by an in house process (using phi29 
supplied from NEB) resulting in higher product yields with 
increased purity. 

Denaturation of 40 pg-200 ng closed circular template and 
annealing of primers was carried out in 10 microliters of 
Annealing/denaturation buffer, 30 mM Tris-HCl pH 7.5, 20 
mM KC1, 8 mM MgCl2, 20 micromolar random hexamers. 
Denaturation and annealing was carried out by heating to 95° 
C. for 1 min, followed by cooling to room temp over 30 min. 

10 microliters reaction buffer 35 mM Tris-HCl, 50 mM 
KC1, 14 mM MgCl, 10 mM (NH), SO, 4 mM DTT, 10 U 
phi29, 0.002 UPPi (Yeast Inorganic pyrophosphatase), 1 mM 
dNTP was then added to 10 microliters of annealed DNA/ 
primer reaction. 
The 20 microliter reactions were incubated at 30°C. for 18 

hrs. A sample was run on gel to check for formation of 
concatamers and then the reaction mixture was digested with 
restriction enzyme or TelN to check products. 

Concatameric DNA amplified by RCA was then incubated 
with TelN. Typically, the RCA amplified DNA substrate was 
diluted in water and 10xTelN buffer to a final volume of 20 
microliters. Results for puC18 telRL are shown in FIG. 6A. 
As can be seen from the gel in lane 1, the undigested 

concatameric amplified DNA forms a mesh which does not 
enter the gel. However, TelN was able to cleave the RCA 
material resulting in release of a 2.7 kb doggybone fragment 
(lane 6). Confirmation that the DNA amplified by RCA was 
the starting template used in the reaction was achieved by 
restriction digestion with Pvul (lanes 2 and 5). pUC18 (no 
telRL) served as a negative control for TelN activity (lane 3). 

Similarly, in other experiments, RCA generated concata 
mers of pCL DOG were also cleaved by TelN. Accordingly, 
the process of the invention was shown to be effective in 
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amplifying closed linear DNA from a starting template. Fur 
ther, it was possible to amplify closed linear DNA in a simple 
manner using RCA polymerase and protelomerase in sequen 
tial steps, without need for intervening purification of ampli 
fied DNA. 

Example 5 

Expression of Amplified Closed Linear DNA 

Transfection experiments using HeLa cells were per 
formed to investigate expression of a luciferase reporter gene 
from closed linear “doggybone' DNA produced in accor 
dance with the invention. Covalently closed circular DNA 
and the linear PCR DOG control were used as controls. 

Transfection was carried out at 60% confluence in 20 mm 
diameter wells in RPMI and used Transfectam R. (Promega) in 
accordance with manufacturers instructions. Each transfec 
tion used 400 ng of construct DNA. Transfection frequency 
was normalised within and between experiments by inclusion 
of an internal control using 40 ng of the Renilla luciferase 
expressing plasmid pGL4.73 (containing the hRluc gene 
from Renilla reniformis) in each transfection. Firefly 
luciferase (luminescence from Photinus pyralis) and Renilla 
luciferase activity was measured sequentially using the Dual 
Luciferase(R) Reporter (DLRTM) Assay System (Promega). 
Relative light units were measured using a GloMax Multi 
Luminometer (Promega) and results were expressed as the 
ratio of Firefly luciferase/Renilla luciferase. All experiments 
were carried out in triplicate. 

Constructs tested in transfection were as follows: 
pGL4.13 luc control DNA 
pGL4.73 hRluc 
PCR DOG 
PCR control (fragment from pGL4.13 across luc gene) 
pGL DOG (pGL4.13 containing 2 telRL sites) 
“doggybone' MP (pCL DOG isolated from mini-prep 

DNA digested with Pvul (to remove contaminating vector 
DNA) followed by TelN cleavage) 

“doggybone” RCA (pGL DOG amplified by RCA digested 
with Pvul then cleaved with TelN) 
RCA pGL DOG—concatameric DNA produced in the ini 

tial RCA amplification of pGL DOG. 
Results are shown in FIG. 6C. Closed linear DNA, includ 

ing that amplified by RCA was shown to express luciferase at 
higher levels than the open linear PCR constructs. This dem 
onstrates that closed linear DNA produced in accordance with 
the invention may be used to Successfully express luciferase 
when introduced into mammalian cells. 
Sequences of the Invention 

TABLE A 

Bacilius bacteriophage phi29 DNA polymerase nucleic acid sequence (SEQ ID 
NO: 1) 

atgaagcata to Cagaaa gatgtatagt ttgactittg agacaactac taaagtggaa 6 O 
gactgtaggg tatgggcgta tigittatatgaatatagaag at cacagtga gtacaaaata 120 
ggtaatagcc tigatgagtt tatggcgtgg gtgttgaagg tacaagctga totatattitc 18O 
cataacctica aatttgacgg agcttittatc attaactggit toggaacgtaa tdgttittaag 24 O 
tggtcggctg acggattgcc aaa.ca catat aatacgatca tatctogcat ggga caatgg 3OO 
tacatgattg atatatgttt aggctacaaa gggaaacgta agatacatac agtgatatat 360 
gacagcttaa agaaact acc gtttcct gtt aagaagatag ctaaag actt taaactaact 42O 
gttcttaaag gtgat attga ttaccacaaa gaaagaccag toggctataa gataac accc 48O 
gaagaatacg cct at attaa aaacgatatt cagattattg cqgaacgt.ct gttaatticag 540 
tittaa.gcaag gtttagaccg gatgacagda ggcagtgaca gtctaaaagg tttcaaggat 600 
attataacca ctaagaaatt caaaaaggtg titt.cctacat tdagt cittgg acticgataag 660 
gaagtgagat acgc.ctatag aggtggttitt acatggittaa atgataggitt Caaagaaaaa 720 
gaaatcggag aaggcatggit ctitcgatgtt aatagt citat atcc tdcaca gatgtatago 78O 
cgt.ct cottic catatggtga acctatagta tt cq agggta aatacgtttg ggacgaagat 840 















ggggagatag 

gatttatata 

aaagattitta 

ctagoaaaac 

gggaaagt cc 

acaaaagacc 

acaattacag 

catttalacgg 

ggat actggg 

atacaagaca 

tacactgata 

gttacgtttg 

ccgacctctg 

acgttgaata 

tagataaatg 

tgatgttaaa 

Cttatttaala 

ctgtttatac 

cggcacaggc 

gtacagagat 

Cacatgaaag 

tctatatgaa 

taaaatttag 

agaatttcaa 

SEQ ID NO 2 
LENGTH: 575 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Bacillus bacteriophage phi29 DNA polymerase 

PRT 

39 

gttgttcaaat 

tat cagcggc 

gacgtacatc 

cagtictatac 

agagaatggg 

acctatgggc 

ttgttatgat 

acctgatgta 

taCatticaaa. 

agalagtagat 

tgttaaatgt 

agt cq9attic 

ggttgatgac 

amino acid sequence 

<4 OOs, SEQUENCE: 2 

Met Lys His Met Pro Arg Lys Met 
1. 

Thir 

Glu 

Ala 

Phe 
65 

Trp 

Met 

Arg 

Pro 

Asp 
145 

Glu 

Lell 

Asp 

Lys 

Asp 

Trp 
SO 

Asp 

Ser 

Gly 

Wall 
13 O 

Ile 

Glu 

Luell 

Ser 

Wall 
21 O 

Wall 

His 
35 

Wall 

Gly 

Ala 

Glin 

Ile 
115 

Asp 

Tyr 

Ile 

Luell 

195 

Phe 

5 

Glu Asp Cys Arg Val 

Ser Glu Tyr Lys Ile 
4 O 

Lieu Lys Val Glin Ala 
55 

Ala Phe Ile Ile Asn 
70 

Asp Gly Lieu Pro Asn 
85 

Trp Tyr Met Ile Asp 

His Thr Val Ile Tyr 
12 O 

Lys Ile Ala Lys Asp 
135 

Tyr His Lys Glu Arg 
150 

Ala Tyr Ile Lys Asn 
1.65 

Glin Phe Lys Glin Gly 
18O 

Lys Gly Phe Lys Asp 

Pro Thir Lieu. Ser Lieu. 
215 

gtag acctag 

ttaaaattta 

alagacgacat 

ggtaaatticg 

gcgctaggitt 

gttitt catca 

cggataatat 

ataaaagata 

agagittaaat 

ggtaagttag 

gC9ggaatga 

agt cqqaaaa 

acatt Cacala 

Tyr Ser Cys 
1O 

Trp Ala Tyr 
25 

Gly Asn. Ser 

Asp Lieu. Tyr 

Trp Lieu. Glu 
7s 

Thr Tyr Asn 
90 

Ile Cys Lieu. 
105 

Asp Ser Lieu. 

Phe Llys Lieu. 

Pro Val Gly 
155 

Asp Ile Glin 
17O 

Lieu. Asp Arg 
185 

Ile Ile Thr 

Gly Lieu. Asp 
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aattaatgaaagaac actac 

aagcaactac aggtttgttt 

Cagaaggagc gat caa.gcaa. 

c tagtaaccc tdatgttaca 

t cagacittgg agaagaggaa 

Ctgcatgggc tagatacacg 

actgtgatac tdacagdata 

tagttgaccc taagaaattg 

atctgagaca galagaccitat 

tagalaggtag ticcagatgat 

Ctgacaagat taagaaagag 

tgaagcctaa goctgtgcaa. 

toaaataa. 

Asp Phe Glu. Thir Thr 
15 

Gly Tyr Met Asn Ile 
3O 

Lieu. Asp Glu Phe Met 
45 

Phe His Asn Lieu Lys 
6 O 

Arg Asn Gly Phe Lys 
8O 

Thir Ile Ile Ser Arg 
95 

Gly Tyr Lys Gly Lys 
11 O 

Llys Llys Lieu Pro Phe 
125 

Thr Val Lieu Lys Gly 
14 O 

Tyr Lys Ile Thr Pro 
160 

Ile Ile Ala Glu Arg 
17s 

Met Thr Ala Gly Ser 
19 O 

Thir Lys Llys Phe Lys 
2O5 

Lys Glu Val Arg Tyr 
22O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

728 

40 
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Ala Tyr Arg Gly Gly Phe Thir Trp Lieu. Asn Asp Arg Phe Lys Glu Lys 
225 23 O 235 24 O 

Glu Ile Gly Glu Gly Met Val Phe Asp Val Asn Ser Lieu. Tyr Pro Ala 
245 250 255 

Gln Met Tyr Ser Arg Lieu Lleu Pro Tyr Gly Glu Pro Ile Val Phe Glu 
26 O 265 27 O 

Gly Lys Tyr Val Trp Asp Glu Asp Tyr Pro Lieu. His Ile Glin His Ile 
27s 28O 285 

Arg Cys Glu Phe Glu Lieu Lys Glu Gly Tyr Ile Pro Thr Ile Glin Ile 
29 O 295 3 OO 

Lys Arg Ser Arg Phe Tyr Lys Gly Asn. Glu Tyr Lieu Lys Ser Ser Gly 
3. OS 310 315 32O 

Gly Glu Ile Ala Asp Lieu. Trp Lieu. Ser Asn Val Asp Lieu. Glu Lieu Met 
3.25 330 335 

Lys Glu. His Tyr Asp Lieu. Tyr Asn Val Glu Tyr Ile Ser Gly Lieu Lys 
34 O 345 35. O 

Phe Lys Ala Thr Thr Gly Lieu Phe Lys Asp Phe Ile Asp Llys Trp Thr 
355 360 365 

Tyr Ile Llys Thir Thr Ser Glu Gly Ala Ile Lys Glin Lieu Ala Lys Lieu. 
37 O 375 38O 

Met Lieu. Asn Ser Lieu. Tyr Gly Llys Phe Ala Ser Asn Pro Asp Val Thr 
385 390 395 4 OO 

Gly Llys Val Pro Tyr Lieu Lys Glu Asn Gly Ala Lieu. Gly Phe Arg Lieu. 
4 OS 41O 415 

Gly Glu Glu Glu Thir Lys Asp Pro Val Tyr Thr Pro Met Gly Val Phe 
42O 425 43 O 

Ile Thr Ala Trp Ala Arg Tyr Thr Thr Ile Thr Ala Ala Glin Ala Cys 
435 44 O 445 

Tyr Asp Arg Ile Ile Tyr Cys Asp Thr Asp Ser Ile His Lieu. Thr Gly 
450 45.5 460 

Thr Glu Ile Pro Asp Val Ile Lys Asp Ile Val Asp Pro Llys Llys Lieu. 
465 470 47s 48O 

Gly Tyr Trp Ala His Glu Ser Thr Phe Lys Arg Val Llys Tyr Lieu. Arg 
485 490 495 

Glin Llys Thr Tyr Ile Glin Asp Ile Tyr Met Lys Glu Val Asp Gly Lys 
SOO 505 51O 

Lieu Val Glu Gly Ser Pro Asp Asp Tyr Thr Asp Ile Llys Phe Ser Val 
515 52O 525 

Lys Cys Ala Gly Met Thr Asp Llys Ile Llys Lys Glu Val Thir Phe Glu 
53 O 535 54 O 

Asn Phe Llys Val Gly Phe Ser Arg Llys Met Llys Pro Llys Pro Val Glin 
5.45 550 555 560 

Val Pro Gly Gly Val Val Lieu Val Asp Asp Thr Phe Thr Ile Llys 
565 st O sts 

<210s, SEQ ID NO 3 
211 LENGTH: 775 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Pyrococcus sp. Deep Vent DNA polymerase amino 
acid sequence 

<4 OOs, SEQUENCE: 3 

Met Ile Lieu. Asp Ala Asp Tyr Ile Thr Glu Asp Gly Llys Pro Ile Ile 
1. 5 1O 15 



Arg 

Asn 

Asp 

Ile 
65 

Glu 

Arg 

Asp 

Met 

Lell 
145 

Ser 

Asp 

Arg 

Lys 
225 

Met 

His 

Lell 
3. OS 

Glu 

Wall 

Wall 

Pro 

Tyr 
385 

Lell 

His 

Ile 

Phe 

Glu 
SO 

Ile 

Wall 

Asp 

Ile 

Glu 
13 O 

Tyr 

Luell 

Phe 

Asn 
21 O 

Luell 

Glin 

Phe 

Thir 

Wall 
29 O 

Glu 

Luell 

Gly 

Glu 

Asn 

37 O 

Ala 

Wall 

Asn 

Phe 

Arg 
35 

Wall 

Asp 

Trp 

Pro 
115 

Gly 

His 

Ala 

Pro 

Luell 
195 

Gly 

Gly 

Arg 

Asp 

Luell 

Arg 

Gly 

Glin 

Trp 
355 

Gly 

Ser 

Wall 

Lys 

Pro 

Arg 

Ala 

Arg 

Ile 

Phe 

Asp 

Glu 

Asp 

Tyr 
18O 

Asp 

Ile 

Luell 

Luell 
26 O 

Glu 

Ala 

Wall 

Arg 

Pro 
34 O 

Pro 

Gly 

Luell 

Ser 

42O 

Lys 

Tyr 

Glu 

Lell 
85 

Arg 

Ala 

Glu 

Gly 

Glu 
1.65 

Wall 

Wall 

Ser 

Gly 
245 

Tyr 

Ala 

His 

Ala 

Glu 
3.25 

Lell 

Lell 

Asp 

Tyr 

Asp 
4 OS 

Pro 

Glu 

Ile 

Ile 

Lys 
70 

Tyr 

Glu 

Glu 

Glu 
150 

Glu 

Glu 

Ile 

Phe 

Lell 
23 O 

Asp 

His 

Wall 

Glu 

Lys 
310 

Phe 

Trp 

Lell 

Glu 

Wall 
390 

Phe 

Asp 

43 

Asn 

Thir 
55 

Wall 

Phe 

His 

Arg 

Lell 
135 

Glu 

Glu 

Wall 

Arg 

Asp 
215 

Pro 

Met 

Wall 

Ile 
295 

Phe 

Asp 

Arg 

Arg 
375 

Arg 

Thir 

Gly 

Ala 
4 O 

Ala 

Arg 

Glu 

Ser 

Tyr 
12 O 

Phe 

Ala 

Wall 

Glu 

Luell 

Luell 

Thir 

Ile 

Glu 
28O 

Ala 

Ser 

Pro 

Wall 

Lys 
360 

Glu 

Glu 

Ser 

Luell 

Glu 
25 

Luell 

Glu 

His 

Ala 
105 

Luell 

Luell 

Ala 

Ser 
185 

Pro 

Gly 

Ala 

Arg 
265 

Ala 

Glu 

Met 

Met 

Ser 
345 

Ala 

Pro 

Luell 

Asn 

425 

Phe 

Luell 

Arg 

Pro 
90 

Wall 

Ile 

Luell 

Wall 
17O 

Ser 

Asp 

Arg 

Wall 
250 

Arg 

Ile 

Ala 

Glu 

Glu 
330 

Arg 

Glu 

Glu 

Tyr 

Arg 

Lys 

His 

Phe 

Glin 

Ile 

Asp 

Ala 

Gly 
155 

Ile 

Glu 

Pro 

Luell 

Asp 
235 

Glu 

Thir 

Phe 

Trp 

Asp 
315 

Ala 

Ser 

Glu 

Arg 

Lys 
395 

Pro 

Glu 
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Val Glu Tyr 

Asp 

Gly 
6 O 

Lell 

Asp 

Asp 

Phe 
14 O 

Pro 

Thir 

Arg 

Asp 

Wall 
22O 

Ser 

Arg 

Arg 

Gly 

Ser 

Gly 

Asp 
45 

Gly 

Wall 

Ile 

Gly 
125 

Asp 

Ile 

Trp 

Glu 

Wall 

Ser 

Asn 

Lys 
285 

Thir 

Lell 

Thir 

Asn 

365 

Lell 

Lell 

Ile 

Ser 

Ile 

Arg 

Pro 

Phe 
11 O 

Luell 

Ile 

Ile 

Met 
19 O 

Ile 

Arg 

Glu 

Gly 

Luell 
27 O 

Pro 

Gly 

Wall 

Ser 

Gly 
35. O 

Glu 

Arg 

Trp 

Ile 

Arg 
43 O 

Asp Arg 

Glin Ile 

Val Arg 

Pro Ile 
8O 

Ala Ile 
95 

Glu Tyr 

Ile Pro 

Glu Thir 

Met Ile 
160 

Lys Ile 
17s 

Ile Llys 

Ile Thr 

Ala Glu 

Pro Llys 
24 O 

Arg Ile 
255 

Pro Thir 

Lys Glu 

Thr Tyr 
32O 

Arg Lieu. 
335 

Asn Luell 

Lieu Ala 

Glu Ser 

Glu Gly 
4 OO 

Ile Thr 
415 

Glu Tyr 

44 



US 9,109,250 B2 
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- Continued 

Asp Wall Ala Pro Glu Val Gly His Llys Phe Cys Lys Asp Phe Pro Gly 
435 44 O 445 

Phe Ile Pro Ser Lieu Lleu Lys Arg Lieu. Lieu. Asp Glu Arg Glin Glu Ile 
450 45.5 460 

Lys Arg Llys Met Lys Ala Ser Lys Asp Pro Ile Glu Lys Llys Met Lieu. 
465 470 47s 48O 

Asp Tyr Arg Glin Arg Ala Ile Lys Ile Lieu Ala Asn. Ser Tyr Tyr Gly 
485 490 495 

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu. Cys Ala Glu 
SOO 505 51O 

Ser Val Thir Ala Trp Gly Arg Glu Tyr Ile Glu Phe Val Arg Lys Glu 
52O 525 5 5 

Lieu. Glu Glu Lys Phe Gly Phe Llys Val Lieu. Tyr Ile Asp Thir Asp Gly 
53 O 535 54 O 

Lieu. Tyr Ala Thir Ile Pro Gly Ala Lys Pro Glu Glu Ile Llys Llys Llys 
5.45 550 555 560 

Ala Lieu. Glu Phe Val Asp Tyr Ile Asn Ala Lys Lieu Pro Gly Lieu. Lieu 
565 st O sts 

Glu Lieu. Glu Tyr Glu Gly Phe Tyr Val Arg Gly Phe Phe Val Thr Lys 
58O 585 59 O 

Llys Llys Tyr Ala Lieu. Ile Asp Glu Glu Gly Lys Ile Ile Thir Arg Gly 
595 6OO 605 

Lieu. Glu Ile Val Arg Arg Asp Trip Ser Glu Ile Ala Lys Glu Thr Glin 
610 615 62O 

Ala Llys Val Lieu. Glu Ala Ile Lieu Lys His Gly ASn Val Glu Glu Ala 
625 630 635 64 O 

Val Lys Ile Val Lys Glu Val Thr Glu Lys Lieu. Ser Llys Tyr Glu Ile 
645 650 655 

Pro Pro Glu Lys Lieu Val Ile Tyr Glu Glin Ile Thr Arg Pro Leu. His 
660 665 67 O 

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Lieu Ala 
675 68O 685 

Ala Arg Gly Val Llys Val Arg Pro Gly Met Val Ile Gly Tyr Ile Val 
69 O. 695 7 OO 

Lieu. Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Lieu Ala Glu Glu 
7 Os 71O 71s 72O 

Phe Asp Lieu. Arg Llys His Llys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn 
72 73 O 73 

Glin Val Lieu Pro Ala Val Lieu. Arg Ile Lieu. Glu Ala Phe Gly Tyr Arg 
740 74. 7 O 

Lys Glu Asp Lieu. Arg Trp Gln Lys Thir Lys Glin Thr Gly Lieu. Thir Ala 
7ss 760 765 

Trp Lieu. Asn. Ile Llys Llys Llys 
770 775 

<210s, SEQ ID NO 4 
&211s LENGTH: 2631. 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Bacillus stearothermophilus DNA polymerase I 
(pola) nucleic acid sequence 

<4 OOs, SEQUENCE: 4 

atgaagaaga agctag tact aattgatggc aac agtgtgg cat accgc.gc Ctttitttgcc 

46 
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- Continued 

Caggct cqtc ttittgctgca agtgcatgac gagct cattt taa.gc.gcc aaaagaggaa 252O 

attgagcgat tatgtgagct tdttcc.ggaa gtgatggagc aggcc.gttac gct cogcgtg 2580 

cc.gctgaaag togactacca ttacggcc.ca acatgg tatg atgccaaata a 2631. 

<210s, SEQ ID NO 5 
&211s LENGTH: 876 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Bacillus stearothermophilus DNA polymerase I 
(pola) amino acid sequence 

<4 OOs, SEQUENCE: 5 

Met Lys Llys Llys Lieu Val Lieu. Ile Asp Gly Asn. Ser Val Ala Tyr Arg 
1. 5 1O 15 

Ala Phe Phe Ala Lieu Pro Lieu. Lieu. His Asn Asp Llys Gly Ile His Thr 
2O 25 3O 

Asn Ala Val Tyr Gly Phe Thr Met Met Lieu. Asn Lys Ile Lieu Ala Glu 
35 4 O 45 

Glu Glin Pro Thr His Lieu. Leu Val Ala Phe Asp Ala Gly Lys Thr Thr 
SO 55 6 O 

Phe Arg His Glu Thr Phe Glin Glu Tyr Lys Gly Gly Arg Glin Gln Thr 
65 70 7s 8O 

Pro Pro Glu Lieu. Ser Glu Glin Phe Pro Lieu. Lieu. Arg Glu Lieu. Lieu Lys 
85 90 95 

Ala Tyr Arg Ile Pro Ala Tyr Glu Lieu. Asp His Tyr Glu Ala Asp Asp 
1OO 105 11 O 

Ile Ile Gly. Thir Lieu Ala Ala Arg Ala Glu Glin Glu Gly Phe Glu Val 
115 12 O 125 

Lys Ile Ile Ser Gly Asp Arg Asp Lieu. Thr Glin Lieu Ala Ser Arg His 
13 O 135 14 O 

Val Thr Val Asp Ile Thr Lys Lys Gly Ile Thr Asp Ile Glu Pro Tyr 
145 150 155 160 

Thr Pro Glu Thr Val Arg Glu Lys Tyr Gly Lieu. Thr Pro Glu Glin Ile 
1.65 17O 17s 

Val Asp Lieu Lys Gly Lieu Met Gly Asp Llys Ser Asp Asn. Ile Pro Gly 
18O 185 19 O 

Val Pro Gly Ile Gly Glu Lys Thr Ala Wall Lys Lieu Lleu Lys Glin Phe 
195 2OO 2O5 

Gly Thr Val Glu Asn Val Lieu Ala Ser Ile Asp Glu Val Lys Gly Glu 
21 O 215 22O 

Llys Lieu Lys Glu Asn Lieu. Arg Glin His Arg Asp Lieu Ala Lieu. Lieu. Ser 
225 23 O 235 24 O 

Lys Glin Lieu Ala Ser Ile Cys Arg Asp Ala Pro Val Glu Lieu. Ser Lieu. 
245 250 255 

Asp Asp Ile Val Tyr Glu Gly Glin Asp Arg Glu Lys Val Ile Ala Lieu 
26 O 265 27 O 

Phe Lys Glu Lieu. Gly Phe Glin Ser Phe Leu Glu Lys Met Ala Ala Pro 
27s 28O 285 

Ala Ala Glu Gly Glu Lys Pro Lieu. Glu Glu Met Glu Phe Ala Ile Val 
29 O 295 3 OO 

Asp Val Ile Thr Glu Glu Met Lieu Ala Asp Lys Ala Ala Lieu Val Val 
3. OS 310 315 32O 

Glu Val Met Glu Glu Asn Tyr His Asp Ala Pro Ile Val Gly Ile Ala 



Lell 

Ala 

Ser 

Ile 
385 

Lell 

Wall 

Arg 

Lell 
465 

Lell 

Thir 

Ala 

Asn 

Pro 
5.45 

Lell 

Ala 

Asn 
625 

Wall 

Ile 

Glu 

Ile 

Ala 
7 Os 

Lell 

Glu 

Wall 

Asp 

Met 
37 O 

Glu 

Asn 

Glin 

Lys 
450 

Arg 

Ala 

Ile 

Ser 
53 O 

Wall 

Glu 

Arg 

Wall 

Luell 
610 

Ile 

Pro 

Glu 

Ala 

Phe 
69 O. 

Ala 

Arg 

Asn 

Ser 
355 

Phe 

Luell 

Pro 

Arg 
435 

Ala 

Asn 

Ala 

Arg 

Glu 
515 

Pro 

Luell 

Glin 

Wall 
595 

Thir 

Pro 

Ser 

Luell 

Phe 
675 

His 

Ala 

Glin 

Glu 
34 O 

Glin 

Asp 

Arg 

Ala 

Glu 

Ser 

Ala 

Asn 

Ile 

Luell 
SOO 

Glin 

Luell 

Luell 

Arg 

Glin 

Ile 

Glu 

Arg 
660 

Glin 

Wall 

Wall 

Asn 

Phe 
740 

3.25 

His 

Phe 

Ala 

Gly 

Glin 
4 OS 

Ala 

Lell 

Ala 

Glu 

Lell 
485 

Glu 

Arg 

Glin 

Lys 

Ala 
565 

Gly 

Pro 

Thir 

Arg 

Pro 
645 

Wall 

Arg 

Ser 

Asn 

Lell 
72 

Ala 

Gly 

Lell 

Wall 
390 

Asp 

Wall 

Pro 

Ile 

Glin 
470 

Ala 

Glin 

Ile 

Lell 

Thir 
550 

Pro 

Asp 

Gly 

Lell 
630 

Asp 

Lell 

Asp 

Glu 

Phe 
71O 

Asn 

Ser 

51 

Arg 

Ala 

Arg 
375 

Ala 

Ala 

Arg 

Asp 

Trp 
45.5 

Asp 

Glu 

Met 

Gly 
535 

His 

Lell 

Thir 

Arg 
615 

Glu 

Trp 

Ala 

Lell 

Glu 
695 

Gly 

Ile 

Phe 

Phe 

Trp 
360 

Ala 

Phe 

Gly 

Ser 

Glu 
44 O 

Ala 

Glin 

Met 

Gly 

Glu 

Wall 

Thir 

His 

Glin 

Gly 

Luell 

Glu 

Luell 

His 

Asp 

Glu 

Ile 

Thir 

Pro 

Phe 
345 

Luell 

Wall 

Asp 

Asp 

Asp 
425 

Glin 

Luell 

Luell 

Glu 

Ser 
505 

Luell 

Ile 

Gly 

Glu 

Ser 
585 

Ser 

Gly 

Ile 

Ile 
665 

Ile 

Wall 

Wall 

Arg 

Gly 
74. 

330 

Met 

Ala 

Wall 

Luell 

Ile 

Glu 

Thir 

Glu 

Luell 

Phe 
490 

Glu 

Ala 

Luell 

Ile 
st O 

Thir 

Wall 

Ser 

Arg 

Phe 
650 

Ala 

His 

Thir 

Lys 
73 O 

Wall 

Arg 

Asp 

Ala 

Luell 
395 

Ala 

Ala 

Luell 

Glin 

Thir 

Thir 

Luell 

Gly 

Phe 

Ser 
555 

Wall 

His 

Ala 

Lys 
635 

Ala 

Asp 

Thir 

Ala 

Gly 

Glu 

Lys 

US 9,109,250 B2 
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Pro 

Glu 

Lell 

Lell 

Ala 

Wall 

Ala 

Pro 
460 

Gly 

Ala 

Glin 

Glu 
54 O 

Thir 

Glu 

Ile 

Thir 

Glu 

Ile 

Ala 

Asp 

Asn 
7 OO 

Ile 

Ala 

Glin 

Glu 

Thir 
365 

Ala 

Wall 

Glu 
445 

Phe 

Lell 

Wall 

Glu 

Glu 
525 

Ser 

Asn 

Glu 

Met 
605 

Pro 

Arg 

Asp 

Asp 

Thir 
685 

Met 

Ser 

Ala 

Thir 
35. O 

Trp 

Ala 

Ala 

Gly 
43 O 

His 

Met 

Glu 

Asn 

Glin 

Phe 

Luell 

Ala 

Ile 

Gly 
59 O 

Phe 

Asn 

Glin 

Asn 
67 O 

Ala 

Arg 

Asp 

Glu 

Met 
7 O 

335 

Ala 

Lys 
415 

Luell 

Asp 

Glin 

Wall 
495 

Luell 

Asn 

Glin 

Asp 

Luell 
sts 

Luell 

Asn 

Luell 

Ala 

Ser 
655 

Luell 

Met 

Arg 

Phe 
73 

Glu 

Luell 

Gly 

Luell 
4 OO 

Met 

Gly 

Wall 

Asp 

Pro 

Asp 

Arg 

Ile 

Luell 

Wall 
560 

His 

Luell 

Glin 

Glin 

Phe 
64 O 

Glin 

Ile 

Asp 

Glin 

Gly 

Ile 

Asn 

52 





aaag.cgtacc 

Caaggggatg 

ggcaac Cagg 

tga 

55 

tggagctggc gC9agagg.cg 

Cagtgc.cgaa ggalagtag cc 

gCaggtgggt C9gggtggct 

Caggc.cggat Caag.cgatg 

SEO ID NO 7 
LENGTH: 52O 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Halomonas phage phiHAP-1 protelomerase amino 

PRT 

acid sequence 

<4 OO > SEQUENCE: 7 

Met Ser Gly Glu Ser Arg Arg Llys 
1. 

Trp 

Arg 

Thir 

Wall 
65 

Ala 

Ala 

Lell 

Glin 

Lell 
145 

Ser 

Asn 

Lell 

Phe 

Ile 
225 

Lell 

Glu 

Ala 

Met 

Luell 

Arg 
SO 

Thir 

Glin 

Ser 

Thir 

Ile 
13 O 

Asp 

Thir 

Thir 

Luell 

Ser 
21 O 

Glu 

Glu 

Ala 

Trp 

Asp 
29 O 

Luell 

Glu 
35 

Luell 

Thir 

Asn 

Arg 

Asp 
115 

Arg 

His 

Luell 

Wall 

Ser 
195 

Wall 

Phe 

Asp 
27s 

Asn 

5 

Ser Glu Ile Lys Glu 
2O 

Llys Thr Lys Arg Met 
4 O 

His Asp Asp Lys Arg 
55 

Phe Arg Arg Tyr Met 
70 

Trp Arg His His Ser 
85 

Tyr Pro Ala Tyr Ala 
1OO 

Ile Ser Ala Ile Arg 
12 O 

Asn Asp Asp Asp Ala 
135 

Glu Ile Met Arg His 
150 

Ala Glu Glu Ala Ser 
1.65 

Glu Ile Asn Tyr His 
18O 

Asn Arg Glu Arg Met 
2OO 

Lieu Ala Lieu. Gly Lieu 
215 

Lieu Lys Thr Gly Arg 
23 O 

Ser Gly Glin Ala Lys 
245 

His Ile Tyr Thr Lieu 
26 O 

Glu Lieu. Arg Ser Lieu. 
28O 

Ser Asp Val Asn Arg 
295 

Ctcgacgc.gc 

gaggcgaagc 

t caat caacg 

aaag.cggcct 

Val Asp Lieu. 
1O 

Ile Asp Ala 
25 

Ala Arg Lieu. 

Arg Lys Asp 

Thr Glu Ala 

Phe Asp Glin 
90 

Ser Lys Lieu. 
105 

Met Ala His 

Tyr Glu Asp 

Lieu. Thir Lieu 
155 

Glu Thir Lieu. 
17O 

Trp Leu Met 
185 

Val Asp Gly 

Ala Lieu Ala 

Ile Thr Lys 
235 

250 

Val Lys Ala 
265 

Pro Glu Ala 

Arg Thr Ala 

US 9,109,250 B2 

- Continued 

cgaacgt.cga t ctggacaag 

cc.cggctgaa cqc cc accca 

gggtggalagt to acgggtg 

ataaag.cggc gggtggg.cgc 

Ala Glu Lieu. Ile Glu 
15 

Asp Asp Glu Met Pro 
3O 

Ala Arg Ser Phe Lys 
45 

Ser Glu Arg Ile Ala 
6 O 

Arg Lys Ala Val Thr 
8O 

Glin Ile Glu Arg Lieu. 
95 

Glu Ala Lieu. Gly Lys 
11 O 

Arg Glu Lieu. Lieu. Asp 
125 

Ile Arg Ala Met Lys 
14 O 

Ser Ser Ala Glin Lys 
160 

Glu Glu Arg Ala Val 
17s 

Glu Thr Val Tyr Glu 
19 O 

Glu Tyr Arg Gly Phe 
2O5 

Thr Gly Arg Arg Ser 
22O 

Val Gly Glu Tyr Glu 
24 O 

Gly Val Asp Tyr Ser 
255 

Asp Lieu Val Ile Glu 
27 O 

Ala Glu Lieu. Glin Gly 
285 

Lys Thr Lieu. Asn Thr 
3 OO 

1380 

144 O 

15OO 

1560 

1563 

56 



57 

Lieu. Thir Lys Arg Ile Phe Asn. Asn 
3. OS 310 

Arg Ala Ile Trp Ala Arg Lieu Val 
3.25 

Lys Arg Trp Llys Llys Val Thr Glu 
34 O 

Gly His Glu Asp Met Asp Thr Glin 
355 360 

Asp Tyr Asp Glu Pro Asp Glin Ala 
37 O 375 

Ser Arg Lieu Ala Ala Lieu. Glin Ala 
385 390 

Ser Ser Asp Ala Glin Ala Arg Val 
4 OS 

Glu Glin Glu Pro Asp Ala Lys Ile 

Lieu. Gly Val Tyr Arg Pro Ala Ile 
435 44 O 

Glu Ala Lieu. Asp Ala Pro Asn Val 
450 45.5 

Val Pro Lys Glu Val Ala Glu Ala 
465 470 

Glin Gly Asp Gly Arg Trp Val Gly 
485 

Val Ala Arg Val Gly ASn Glin Ala 
SOO 

Ala Tyr Lys Ala Ala Gly Gly Arg 
515 

<210s, SEQ ID NO 8 
&211s LENGTH: 1854 
&212s. TYPE: DNA 

Asp Glu Arg 
315 

Phe Glu Lieu. 
330 

Asp Val Phe 
345 

Arg Ser Tyr 

Asp Glin Glu 

Lieu. Asp Gly 
395 

His Ala Trp 
41O 

Thr Glin Ser 
425 

Lys Ala Tyr 

Asp Lieu. Asp 

Llys Pro Arg 
47s 

Wall Ala Ser 
490 

Gly Arg Ile 
505 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

US 9,109,250 B2 

- Continued 

Wall 

His 

Trp 

Arg 

Asp 

His 

Wall 

Lell 

Lell 

Lys 
460 

Lell 

Ile 

Glu 

Phe 

Phe 

Arg 

Ala 
365 

Glu 

Ile 

Glu 
445 

Wall 

Asn 

Asn 

Ala 

Lys 

Ser 

Glu 
35. O 

Phe 

Glu 

Glin 

Ala 

Ser 
43 O 

Luell 

Ala 

Ala 

Gly 

Met 
51O 

Asp Ser 
32O 

Arg Asp 
335 

Met Lieu. 

Lys Ile 

His Ala 

Lieu. Glu 
4 OO 

Glin Ile 
415 

Arg Glu 

Ala Arg 

Ala Ala 

His Pro 
48O 

Wall Glu 
495 

Lys Ala 

<223> OTHER INFORMATION: Yersinia phage PY54 protelomerase nucleic acid 
sequence 

<4 OOs, SEQUENCE: 8 

atgaaaatcc attitt.cgcga 

aaat Cagacic gggcgcaggg 

aaaaatgc.cg ttittatgga 

tcqttaacaa catttaataa 

caccatagitt titcct caatc 

ataataaaag atctggataa 

ataact catc ttgaatccgg 

aaac catcta cagctaaaaa 

gatctagata ctittaattag 

gggaccgacc tacttalacgc 

ttaacgatgc agccttctga 

tittaaaaag.c gtaacatcgt. 

atacta catc titccagatat 

tittagttagt 

tgacaaaact 

taaacggaaa 

at atttaagt 

tatagcaact 

tag accc.gct 

tgttaattta 

aatagittagc 

tactgaagat 

attacatt Ct 

cagagctgca 

accitat cqat 

agcttittgaa 

ggtttagtta 

cggcgittatc 

tat coggta 

cgagcacgtt 

atctoaaata 

catgaagtta 

ttagaaaaaa 

ttaaaaaaaa. 

gct acagaat 

ctaaaagtaa 

ttaaaagcta 

tat cocqgct 

gatt.cgatgg 

aagagat.cga 

agggcgcggc 

acgg tatgaa 

Ctcggitttga 

aatat cotgc 

gaataaaact 

taggtagctt 

tgtacccatc 

tacaacaaaa. 

accatgaagt 

ggcatgacgc 

atatgcaacg 

cat cacttgc 

tgaaatagaa 

Cagaaagttc 

gaatagaata 

agaaaggctt 

att cagcgaa 

taaagaatta 

agggaaaata 

atgggctaat 

gttagagcaa. 

tatgtatgca 

tgc cctt cac 

aatgacggac 

c cc tittagca 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

58 



tittgctictag 

gacgc.caaaa 

t caggtggac 

gagtttittac 

gaac atcgta 

gcaaaacagt 

cgcatagoat 

gtttitcttct 

ttcaagctgg 

ttagctgcac 

gttcgcatac 

gcataccalaa 

CtcCCaCCat 

atagaggaag 

gccagtgatg 

gaggactictt 

gcc.gaaagtg 

Cagctgctag 

ataaaag cat 

attatgaaat 

gttct catag 

ctgaactato 

totttgtcga 

atgaaaaatg 

ctgaattatt 

taaatettcaa. 

ttcaagagct 

atgagtgggit 

t caagaaaaa 

acgc.gctagg 

cgctcgtgct 

actitt actga 

aagataagcc 

ggctgattaa 

ttatcgatgc 

SEO ID NO 9 
LENGTH: 617 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Yersinia phage 

PRT 

sequence 

SEQUENCE: 9 

59 

cggtc.gcaga 

Cattalaattit 

atacagticta 

CtcaataCtt 

tgttattaac 

tgacagaaga 

gtttagaa.ca 

aggc.catgac 

tccaaaatgg 

tgacaatgat 

taalaga.gcaa. 

tittaaattgt 

ggttgttatt 

tgat attaac 

tgaggaaata 

cgaagataaa 

atttgaattit 

gatgaaacaa 

Met Lys Ile His Phe Arg Asp Lieu. 
1. 

Asp 

Arg 

Phe 
65 

His 

Ala 

Wall 

Asn 

Ala 
145 

Asp 

Glu 

Glin 

Lys 
SO 

Asn 

His 

Phe 

Arg 

Luell 
13 O 

Luell 

Ile 

Gly 
35 

Ser 

Ser 

Ile 
115 

Luell 

Asp 

Glu Lys Ser Asp Arg 

Ala Ala Arg Llys Phe 
4 O 

Arg Gly Asn Gly Met 
55 

Tyr Lieu. Ser Arg Ala 
70 

Phe Pro Glin Ser Ile 
85 

Glu Ile Ile Lys Asp 

Llys Lieu Lys Glu Lieu 
12 O 

Glu Lys Ile Gly Ser 
135 

Ile Val Ser Lieu Lys 
150 

Thir Lieu. Ile Ser Thr 
1.65 

caaattgaaa 

tctggacaag 

attgact cag 

cgattacaaa 

ggttttgtag 

gtatttaaag 

gatcct cqct 

gacccagata 

acaccitaata 

atgc.ccggcc 

Ctggcgcaga 

cgaaatgact 

ggtgatgatg 

gctgatgaca 

gacga caccg 

cct cqctittg 

gctggcaa.gc 

gcatggactg 

Val Ser Gly 
1O 

Ala Glin Gly 
25 

Lys Asn Ala 

Lys Asn Arg 

Arg Ser Arg 
7s 

Ala Thir Ile 
90 

Lieu. Asp Asn 
105 

Ile Thr His 

Lieu. Gly Lys 

Lys Met Tyr 
155 

Glu Asp Ala 
17O 

US 9,109,250 B2 

- Continued 

tactaattac tdgtgagttt 

caaaaaaaag 

agctatt cat 

atttggaaat 

CCaalacctitt 

at accc.gtgc 

ggg.cgaagtg 

Ctcagctggc 

tat cagatga 

tag cacgtgg 

accctg.cggc 

gacaggcaa.g 

Ctgacgctga 

aatticgacgt. 

cagcaccaat 

aatatagotg 

aaaatatgga 

Lell 

Asp 

Wall 

Ile 
6 O 

Phe 

Ser 

Arg 

Lell 

Ile 
14 O 

Pro 

Thir 

Wall 

Phe 
45 

Ser 

Glu 

Asn 

Pro 

Glu 
125 

Ser 

Glu 

Thir 
3O 

Met 

Luell 

Glu 

Ala 
11 O 

Ser 

Pro 

Trp 

Luell 

aatggcc.gtt 

t caacggitta 

agcacatgat 

aaatgatgca 

aatttacgct 

cgacgaagat 

atataaacaa. 

aalacc ct cqg 

cgatgcggca 

aaaaataact 

ata catggca 

gcc agaagaa 

agalagatgaa 

atcagataac 

tcgtagaagt 

ggagggtaat 

gtaa 

PY54 protelomerase amino acid 

Glu Ile 
15 

Arg Arg 

Asp Llys 

Th Thr 

Arg Lieu. 
8O 

Tyr Pro 
95 

His Glu 

Gly Val 

Ser Thr 

Ala Asn 
160 

Glin Glin 
17s 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

854 



Wall 

Ala 

Asn 
225 

Ile 

Ala 

Glu 

Tyr 
3. OS 

Glu 

Ile 

Wall 

Arg 

Glu 
385 

Wall 

Ala 

Asn 

Asn 

Glu 
465 

Ala 

Arg 

Asp 

Ile 

Phe 
5.45 

Ala 

Ile 

Luell 

Asn 

Ala 
21 O 

Ile 

Luell 

Pro 

Ile 

Phe 
29 O 

Glu 

Phe 

Ala 

Ala 

Arg 
37 O 

Phe 

Ile 

Asp 
450 

Trp 

Gly 

Asn 

53 O 

Thir 

Ser 

Arg 

Glu 

His 
195 

Luell 

Wall 

His 

Luell 

Luell 

Ser 

Ile 

Luell 

His 

Lys 
355 

Wall 

Trp 

Phe 

Ser 
435 

Met 

Wall 

Glin 

Met 

Glin 
515 

Ala 

Asp 

Asp 

Arg 

Glin 
18O 

Glu 

Pro 

Luell 

Ala 
26 O 

Ile 

Gly 

Arg 

Asp 
34 O 

Pro 

Phe 

Phe 

Ser 

Glin 

Asp 

Pro 

Ile 

Ala 
SOO 

Ala 

Asp 

Glu 

Glu 

Ser 

58O 

Gly 

Wall 

Ala 

Ile 

Pro 
245 

Phe 

Thir 

Glin 

Ser 

Ser 
3.25 

Glu 

Lell 

Glu 
4 OS 

Phe 

Glu 

Gly 

Glu 

Lys 
485 

Trp 

Arg 

Asp 

Glu 

Asp 
565 

Glu 

Thir 

Met 

Arg 

Asp 
23 O 

Asp 

Ala 

Gly 

Ala 

Lell 
310 

His 

His 

Asn 

Asp 

Thir 
390 

Lell 

Asn 

Lell 

Glin 
470 

Pro 

Thir 

Ile 
550 

Asp 

61 

Asp 

His 
215 

Ile 

Lell 

Glu 

Lys 
295 

Ile 

Ser 

Arg 

Asp 

Thir 
375 

Asp 

Lell 

Lell 

Pro 

Ala 
45.5 

Lell 

Asn 

Ala 

Glu 

Asp 
535 

Asp 

Pro 

Ser 

Luell 

Ala 

Asp 

Pro 

Ala 

Ala 

Phe 
28O 

Asp 

Ser 

Thir 

Ala 
360 

Arg 

Pro 

Gly 

Wall 

Arg 
44 O 

Arg 

Ala 

Luell 

Asp 

Glu 

Ala 

Asp 

Glu 

Trp 

Luell 
185 

Luell 

Ala 

Gly 

Phe 

Ala 
265 

Asp 

Arg 

Ser 

Ile 

Glu 
345 

Ala 

Ala 

Arg 

His 

Asn 
425 

Luell 

Gly 

Glin 

Asn 

Ala 
505 

Luell 

Glu 

Thir 

Asp 

Luell 

585 

Asn 

Thir 

Ala 

Tyr 

Glu 
250 

Ala 

Ala 

Met 

Glu 

Luell 
330 

Luell 

Ile 

Trp 

Asp 

Phe 

Ala 

Asp 

Asn 

Cys 
490 

Luell 

Pro 

Glu 

Glu 

Lys 
st O 

Ile 

Ala 

Met 

Luell 

Met 
235 

Asp 

Ser 

Ala 

Luell 
315 

Arg 

Ser 

Glin 

Ala 
395 

Asp 

ASn 

Ala 

Ala 

Pro 

Arg 

Gly 

Pro 

Asp 

Phe 
555 

Pro 

Lys 
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Lell 

Glin 

His 
22O 

Glin 

Ser 

Gly 

Asn 

Wall 
3 OO 

Phe 

Lell 

Wall 

Phe 

Ala 

Pro 

Pro 

Lell 

Ala 
460 

Ala 

Asn 

Wall 

Ser 

Glu 
54 O 

Asp 

Arg 

Phe 

His 

Pro 

Phe 

Arg 

Met 

Arg 

Lys 
285 

Ser 

Ile 

Glin 

Ile 

Phe 
365 

Arg 

Glin 
445 

Wall 

Ala 

Asp 

Wall 

Lell 

525 

Ile 

Wall 

Phe 

Glu 

Ser 
19 O 

Ser 

Met 

Ala 

Arg 
27 O 

Ser 

Gly 

Glin 

Asn 

Asn 
35. O 

Wall 

Ile 

Asp 

Thir 

Trp 
43 O 

Glu 

Arg 

Luell 

Ile 
51O 

Wall 

Glu 

Ser 

Ala 

Phe 
59 O 

Luell 

Asp 

Thir 

Ser 
255 

Glin 

Ile 

Gly 

Arg 

Luell 
335 

Gly 

Asp 

Ala 

Glu 

Glin 
415 

Thir 

Luell 

Ile 

Ile 

Ala 
495 

Gly 

Luell 

Glu 

Asp 

Ala 
sts 

Ala 

Arg 

Arg 

Asp 
24 O 

Luell 

Ile 

Ile 

His 

Luell 

Glu 

Phe 

Asp 

Asp 
4 OO 

Luell 

Pro 

Asp 

His 

Thir 

Ser 

Asp 

Asp 

Asp 

Asn 

560 

Pro 

Gly 

62 
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tccggtgc.cg ccggtaatcg ggtagaggca atgcaatctg. cctggagtgc Ctact tcaag 1920 

tga 1923 

<210s, SEQ ID NO 11 
&211s LENGTH: 64 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Klebsiella phage phiKO2 protelomerase amino 
acid sequence 

<4 OOs, SEQUENCE: 11 

Met Arg Llys Val Lys Ile Gly Glu Lieu. Ile Asn. Ser Lieu Val Ser Glu 
1. 5 1O 15 

Val Glu Ala Ile Asp Ala Ser Asp Arg Pro Glin Gly Asp Llys Thir Lys 
2O 25 3O 

Lys Ile Lys Ala Ala Ala Lieu Lys Tyr Lys Asn Ala Lieu. Phe Asn Asp 
35 4 O 45 

Lys Arg Llys Phe Arg Gly Lys Gly Lieu. Glu Lys Arg Ile Ser Ala Asn 
SO 55 6 O 

Thir Phe Asn. Ser Tyr Met Ser Arg Ala Arg Lys Arg Phe Asp Asp Arg 
65 70 7s 8O 

Lieu. His His Asn. Phe Glu Lys Asn Val Ile Llys Lieu. Ser Glu Lys Tyr 
85 90 95 

Pro Leu Tyr Ser Glu Glu Lieu Ser Ser Trp Leu Ser Met Pro Ala Ala 
1OO 105 11 O 

Ser Ile Arg Gln His Met Ser Arg Lieu. Glin Ala Lys Lieu Lys Glu Ile 
115 12 O 125 

Met Pro Lieu Ala Glu Asp Lieu. Ser Asn. Ile Lys Ile Gly. Thir Lys Asn 
13 O 135 14 O 

Ser Glu Ala Lys Ile Asn Llys Lieu Ala Asn Llys Tyr Pro Glu Trp Glin 
145 150 155 160 

Phe Ala Ile Ser Asp Lieu. Asn. Ser Glu Asp Trp Lys Asp Lys Arg Asp 
1.65 17O 17s 

Tyr Lieu. Tyr Lys Lieu. Phe Glin Glin Gly Ser Ser Lieu. Lieu. Glu Asp Lieu. 
18O 185 19 O 

Asn Asn Lieu Lys Val Asn His Glu Val Lieu. Tyr His Lieu. Glin Lieu. Ser 
195 2OO 2O5 

Ser Ala Glu Arg Thr Ser Ile Glin Glin Arg Trp Ala Asn Val Lieu. Ser 
21 O 215 22O 

Glu Lys Lys Arg Asn Val Val Val Ile Asp Tyr Pro Arg Tyr Met Glin 
225 23 O 235 24 O 

Ala Ile Tyr Asp Ile Ile Asn Llys Pro Ile Val Ser Phe Asp Lieu. Thr 
245 250 255 

Thir Arg Arg Gly Met Ala Pro Lieu Ala Phe Ala Lieu Ala Ala Lieu. Ser 
26 O 265 27 O 

Gly Arg Arg Met Ile Glu Ile Met Lieu. Glin Gly Glu Phe Ser Val Ala 
27s 28O 285 

Gly Lys Tyr Thr Val Thr Phe Lieu. Gly Glin Ala Lys Lys Arg Ser Glu 
29 O 295 3 OO 

Asp Llys Gly Ile Ser Arg Lys Ile Tyr Thr Lieu. Cys Asp Ala Thir Lieu 
3. OS 310 315 32O 

Phe Val Ser Lieu Val Asn. Glu Lieu. Arg Ser Cys Pro Ala Ala Ala Asp 
3.25 330 335 

Phe Asp Glu Val Ile Lys Gly Tyr Gly Glu Asn Asp Thr Arg Ser Glu 



Asn 

Ile 
385 

Trp 

Asp 

Phe 

Ala 

Asp 
465 

Asp 

Ser 

Gly 

Pro 

Wall 
5.45 

Glu 

Asp 

Wall 

Gly 
625 

Gly 

Thir 
37 O 

Asp 

Ser 

Ala 
450 

Ala 

Pro 

Thir 

Glin 

Ala 
530 

Asp 

Ile 

Ala 

Pro 

Glu 
610 

Asn 

Arg 
355 

Phe 

Ala 

Asn 

Glu 

Arg 
435 

Luell 

Gly 

Ser 

Arg 

Phe 
515 

Ile 

Luell 

Glu 

Glu 

Asn 
595 

Phe 

Arg 

34 O 

67 

Ile Asn Ala Ile Lieu 
360 

Lieu. Gly Asp Asp Arg 
375 

Arg Ile Ala Tyr Glu 
390 

Val Asp Glu Asp Val 
4 OS 

Asn Thr Glin Lieu. His 

Thir Trp Arg Pro Asn 
44 O 

Glin Llys Lieu. Asp Ser 
45.5 

Val Arg Ile His Glu 
470 

Ile Lys Ile Thr Asn 
485 

Lieu. Ile Pro Arg Tyr 
SOO 

Val Gly Glu Asn Gly 

Val Lieu Pro Asp Glu 

Asp Asp G 

Val Asp G 
565 

Glu Ala G 
58O 

Phe Lys A 

Glu Phe G 

Wall Glu. A 

SEQ ID NO 12 
LENGTH: 1617 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Vibrio phage VP882 
sequence 

SEQUENCE: 12 

atgagcggcg aaagtaga.ca 

gaggtgaaaa 

acCagggcgg 

accagaatcg 

gaggagaact 

cc.gcaatacg 

c catcgatga 

cgactaaatt 

citctgagcac 

ggaalacacca 

Ctgagcagct 

535 

u. Asn His 

u Ser Glu 

u Wall Ala 

a Pro Arg 
6OO 

615 

a Met Glin 

aaaggtaaac 

Caatgaggcg 

Caagaccalag 

citat cqtaag 

Cagtict cag 

ggtggc.catc 

345 

Ala Thir Ala 

Arg Val Tyr 

Met Phe Phe 
395 

Phe Phe Met 
41O 

Tyr Lys Glin 
425 

Val Gly Glu 

Met Met Pro 

Thr Val Lys 
47s 

Ser Thir Lieu. 
490 

Lieu. Glu Phe 
505 

Gln Trp Gln 

Glu Ile Lieu. 

Asp Asp Glu 
555 

Gly Glu Glu 
st O 

Glu Glin Glu 
585 

Asp Asn Gly 

His Tyr Ala 

Ser Ala Trp 
635 

Ctcgaggagt 

attact.cggit 

Ctgcacgacg 

tacatgacaa 

Cagcagatag 

ggggc catgg 
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Phe 

Lys 

Arg 

Glu 

Phe 

Glu 

Asp 
460 

Glin 

Arg 

Ala 

Lell 

Glu 
540 

Thir 

Lell 

Glu 

Asp 

Trp 

Ser 

Asn 
365 

Asp 

Wall 

Ile 

Asn 
445 

Phe 

Lell 

Pro 

Ala 

Lys 
525 

Pro 

Lell 

Glu 

Gly 
605 

Ser 

Ala 

35. O 

Pro 

Ser 

Asp 

Luell 

Luell 
43 O 

Ala 

Ala 

Wall 

Phe 

Asp 

Asp 

Met 

Asp 

Glu 

His 
59 O 

Thir 

Gly 

Trp Val 

Arg Ala 

Pro Arg 
4 OO 

Gly His 
415 

Ala Asn 

Arg Lieu. 

Arg Gly 

Glu Glin 

Asn. Phe 
495 

Ala Lieu 

Glu Ala 

Asp Asp 

Asp Asp 
560 

Ala Gly 
sts 

Pro Gly 

Tyr Met 

Ala Ala 

Phe Lys 
64 O 

protelomerase nucleic acid 

taataaatga 

ctgaaaaaac 

ataagcgc.cg 

tggcCagggc 

agcggctggc 

atalacat CaC 

gct cqtcgag 

caagttgat c 

galaggatgcg 

agcagttact 

caaaaag cac 

cgagttgcgc 

6 O 

12 O 

18O 

24 O 

3OO 

360 

68 





Lell 
145 

Ala 

Ala 

Lell 

Phe 

Ile 
225 

Lell 

Glu 

Ala 

Cys 
3. OS 

Glu 

Glu 

Wall 

Ala 

His 
385 

Asp 

Asp 

Glin 

Asp 

Wall 
465 

Asp 

Ala 

Trp 

Asp 

Arg 

Thir 

Luell 

Ser 
21 O 

Glu 

Glu 

Thir 

Luell 

Asp 
29 O 

Ala 

Arg 

Luell 

Phe 

Tyr 
37 O 

Ser 

Trp 

Ser 

Tyr 
450 

Asp 

Glin 

Asp 

Arg 

Glu 
53 O 

His 

Luell 

Wall 

Thir 
195 

Arg 

Ile 

Phe 

Lys 
27s 

Glin 

Wall 

Phe 

Trp 
355 

Pro 

Asn 

Wall 

Luell 
435 

Luell 

Asp 

Pro 

Glu 

Wall 
515 

Ala 

Glu 

Ala 

Asp 
18O 

Luell 

Luell 

Ser 

Thir 
26 O 

Asn 

Luell 

Thir 

Phe 

Phe 
34 O 

Glin 

Glin 

Gly 

Glu 

Lys 

Ile 

Asp 

Ala 

His 
SOO 

Ser 

Wall 

Glu 
1.65 

Ile 

Lys 

Ala 

Gly 
245 

Ile 

Lell 

Gly 

Lell 

Lys 
3.25 

Glin 

Glu 

Phe 

Asp 
4 OS 

Glu 

Thir 

Lell 

Wall 

Lys 
485 

Trp 

Ile 

Glin 

<210s, SEQ ID NO 14 
&211s LENGTH: 4 O55 

Met 
150 

Glu 

Asn 

Thir 

Lell 

Glin 
23 O 

Glin 

Arg 

Glu 

Asn 
310 

Asp 

Arg 

Met 

Phe 
390 

Ile 

Arg 

Arg 

Ala 

Wall 
470 

Ala 

Glu 

71 

Arg 

Ala 

Tyr 

Gly 
215 

Gly 

Ala 

Thir 

Glu 

Ile 
295 

Glin 

Ser 

Asp 

Lell 

Wall 
375 

Thir 

Ile 

Glu 

Asp 
45.5 

Glu 

Glin 

Ala 

Gly 

Ala 
535 

His 

Ala 

His 

Thir 

Ile 

Glu 

Luell 

Luell 

Thir 

Arg 

Pro 

Gly 
360 

Asp 

Ser 

Thir 

Ala 

Luell 
44 O 

Asp 

Wall 

Trp 

Thir 
52O 

Luell 

Luell 

Glu 

Glu 
185 

Wall 

Gly 

Phe 

Wall 
265 

Pro 

Arg 

Ala 

Ala 

Arg 
345 

His 

Arg 

Arg 

Glu 
425 

Gly 

Ala 

Pro 

Pro 

Ala 
505 

Arg 

Asp 

Thir 

Ala 

Luell 

Gly 

Luell 

Arg 
250 

Asp 

Glu 

Asn 

Ile 
330 

Trp 

Glu 

Ser 

Ala 

Ser 

Asp 

Ser 

Luell 

Ala 

Arg 
490 

Luell 

Wall 

Asp 

Luell 
155 

Luell 

Met 

Ser 

Ala 

Lys 
235 

Gly 

Ser 

Wall 

Asp 

Glin 
315 

Trp 

Asp 

Glu 

Glu 
395 

Ser 

Pro 

Gly 

Ala 

Asp 

Luell 

Wall 

Glu 
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Pro 

Thir 

Ala 

Asp 

Thir 
22O 

Wall 

Gly 

Asp 

Arg 

Ala 
3 OO 

Phe 

Ala 

Ile 

Pro 

Ala 

Met 

Glu 

Arg 

Wall 
460 

Wall 

Wall 

Glu 

Ala 

Ser 

Glu 

Gly 

Ser 

Gly 

Asp 

Ala 

Lell 

Ala 
285 

Ile 

Phe 

Arg 

Glu 
365 

Glu 

Lell 

Ala 

Ala 

Lys 
445 

Wall 

Pro 

Ala 

Gly 

Met 

525 

Ala 

Wall 
19 O 

Thir 

Arg 

Glu 

Asp 

Wall 
27 O 

Luell 

Asn 

Gly 

Luell 

Asp 
35. O 

Thir 

Glin 

Ala 

Asn 
43 O 

Wall 

Asn 

Ala 

His 

Glu 
51O 

Thir 

Glin 

Lys 
17s 

Wall 

Arg 

Glin 

Tyr 
255 

Luell 

Asp 

Ser 

Ala 
335 

Glu 

Glin 

Pro 

Ala 

Ile 
415 

Ile 

Ile 

Thir 

Ala 

Glin 
495 

Glu 

Ala 

Lys 
160 

Thir 

Glu 

Ser 

Ser 

Arg 
24 O 

Ser 

Met 

Glu 

Asp 
32O 

Tyr 

Asp 

Wall 

Luell 
4 OO 

His 

Thir 

Pro 

Glu 
48O 

Wall 

Wall 

Ala 

72 
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Val Glu Ala Ile Asp Ala Ser Asp Arg Pro Glin Gly Asp Llys Thir Lys 
2O 25 3O 

Arg Ile Lys Ala Ala Ala Ala Arg Tyr Lys Asn Ala Lieu. Phe Asn Asp 
35 4 O 45 

Lys Arg Llys Phe Arg Gly Lys Gly Lieu Gln Lys Arg Ile Thir Ala Asn 
SO 55 6 O 

Thir Phe Asn Ala Tyr Met Ser Arg Ala Arg Lys Arg Phe Asp Asp Llys 
65 70 7s 8O 

Lieu. His His Ser Phe Asp Lys Asn. Ile Asn Llys Lieu. Ser Glu Lys Tyr 
85 90 95 

Pro Leu Tyr Ser Glu Glu Lieu Ser Ser Trp Leu Ser Met Pro Thr Ala 
1OO 105 11 O 

Asn. Ile Arg Glin His Met Ser Ser Lieu. Glin Ser Llys Lieu Lys Glu Ile 
115 12 O 125 

Met Pro Lieu Ala Glu Glu Lieu. Ser Asn Val Arg Ile Gly Ser Lys Gly 
13 O 135 14 O 

Ser Asp Ala Lys Ile Ala Arg Lieu. Ile Llys Llys Tyr Pro Asp Trp Ser 
145 150 155 160 

Phe Ala Lieu. Ser Asp Lieu. Asn. Ser Asp Asp Trp Llys Glu Arg Arg Asp 
1.65 17O 17s 

Tyr Lieu. Tyr Lys Lieu. Phe Glin Glin Gly Ser Ala Lieu. Lieu. Glu Glu Lieu. 
18O 185 19 O 

His Glin Lieu Lys Val Asn His Glu Val Lieu. Tyr His Lieu. Glin Lieu. Ser 
195 2OO 2O5 

Pro Ala Glu Arg Thr Ser Ile Glin Glin Arg Trp Ala Asp Val Lieu. Arg 
21 O 215 22O 

Glu Lys Lys Arg Asn Val Val Val Ile Asp Tyr Pro Thr Tyr Met Glin 
225 23 O 235 24 O 

Ser Ile Tyr Asp Ile Lieu. Asn. Asn Pro Ala Thr Lieu. Phe Ser Lieu. Asn 
245 250 255 

Thir Arg Ser Gly Met Ala Pro Lieu Ala Phe Ala Lieu Ala Ala Val Ser 
26 O 265 27 O 

Gly Arg Arg Met Ile Glu Ile Met Phe Glin Gly Glu Phe Ala Val Ser 
27s 28O 285 

Gly Lys Tyr Thr Val Asn. Phe Ser Gly Glin Ala Lys Lys Arg Ser Glu 
29 O 295 3 OO 

Asp Llys Ser Val Thr Arg Thir Ile Tyr Thr Lieu. Cys Glu Ala Lys Lieu 
3. OS 310 315 32O 

Phe Val Glu Lieu. Lieu. Thr Glu Lieu. Arg Ser Cys Ser Ala Ala Ser Asp 
3.25 330 335 

Phe Asp Glu Val Val Lys Gly Tyr Gly Lys Asp Asp Thr Arg Ser Glu 
34 O 345 35. O 

Asn Gly Arg Ile Asn Ala Ile Lieu Ala Lys Ala Phe Asn. Pro Trp Val 
355 360 365 

Llys Ser Phe Phe Gly Asp Asp Arg Arg Val Tyr Lys Asp Ser Arg Ala 
37 O 375 38O 

Ile Tyr Ala Arg Ile Ala Tyr Glu Met Phe Phe Arg Val Asp Pro Arg 
385 390 395 4 OO 

Trp Lys Asn. Wall Asp Glu Asp Val Phe Phe Met Glu Ile Lieu. Gly His 
4 OS 41O 415 

Asp Asp Glu Asn Thr Glin Lieu. His Tyr Lys Glin Phe Llys Lieu Ala Asn 
42O 425 43 O 

Phe Ser Arg Thir Trp Arg Pro Glu Val Gly Asp Glu Asn. Thir Arg Lieu. 
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435 44 O 445 

Val Ala Lieu. Glin Llys Lieu. Asp Asp Glu Met Pro Gly Phe Ala Arg Gly 
450 45.5 460 

Asp Ala Gly Val Arg Lieu. His Glu Thr Val Lys Glin Lieu Val Glu Glin 
465 470 47s 48O 

Asp Pro Ser Ala Lys Ile Thr Asn. Ser Thr Lieu. Arg Ala Phe Llys Phe 
485 490 495 

Ser Pro Thr Met Ile Ser Arg Tyr Lieu. Glu Phe Ala Ala Asp Ala Lieu. 
SOO 505 51O 

Gly Glin Phe Val Gly Glu Asn Gly Gln Trp Gln Leu Lys Ile Glu Thr 
515 52O 525 

Pro Ala Ile Val Lieu Pro Asp Glu Glu Ser Val Glu Thir Ile Asp Glu 
53 O 535 54 O 

Pro Asp Asp Glu Ser Glin Asp Asp Glu Lieu. Asp Glu Asp Glu Ile Glu 
5.45 550 555 560 

Lieu. Asp Glu Gly Gly Gly Asp Glu Pro Thr Glu Glu Glu Gly Pro Glu 
565 st O sts 

Glu. His Glin Pro Thr Ala Lieu Lys Pro Val Phe Llys Pro Ala Lys Asn 
58O 585 59 O 

Asn Gly Asp Gly Thr Tyr Lys Ile Glu Phe Glu Tyr Asp Gly Llys His 
595 6OO 605 

Tyr Ala Trp Ser Gly Pro Ala Asp Ser Pro Met Ala Ala Met Arg Ser 
610 615 62O 

Ala Trp Glu Thr Tyr Tyr Ser 
625 630 

<210s, SEQ ID NO 16 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: 22 base consensus sequence for a mesophilic 
bacteriophage perfect inverted repeat 

22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (5) . . (6) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (9) . . (10 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (14) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (17) . . (18) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (22) ... (22) 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 OOs, SEQUENCE: 16 

ncatinntann cgnntannat gn 

<210s, SEQ ID NO 17 
&211s LENGTH: 22 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with E. coli phage N15 and Klebsiella phage Phi 
KO2 protelomerases 

<4 OOs, SEQUENCE: 17 

c cattatacg cgc.gtataat gg 22 

<210s, SEQ ID NO 18 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with Yersinia phage PY54 protelomerase 

<4 OOs, SEQUENCE: 18 

gCatactacg cgc.gtagt at gc 22 

<210s, SEQ ID NO 19 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with Halomonas phage phiHAP-1 protelomerase 

<4 OOs, SEQUENCE: 19 

c catactata cqtatagitat gig 22 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with Vibrio phage VP882 protelomerase 

<4 OOs, SEQUENCE: 2O 

gcatactata cqtatagitat gc 22 

<210s, SEQ ID NO 21 
&211s LENGTH: 14 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with a Borrelia burgdorferi protelomerase 

<4 OOs, SEQUENCE: 21 

attatatata taat 14 

<210s, SEQ ID NO 22 
&211s LENGTH: 24 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with Vibrio phage VP882 protelomerase 

<4 OOs, SEQUENCE: 22 

ggcatact at acgtatagta togcc 24 

<210s, SEQ ID NO 23 
&211s LENGTH: 42 
&212s. TYPE: DNA 

82 
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ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with Yersinia phage PY54 protelomerase 

SEQUENCE: 23 

acct attt ca gcatactacg cqcgtagtat gctgaaatag git 42 

SEQ ID NO 24 
LENGTH: 90 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: particularly preferred perfect inverted repeat 
sequence for use with Halomonas phage phiHAP-1 protelomerase 

SEQUENCE: 24 

cctatattgg gccaccitatg tatgcacagt togcc catac tatacgtata gitatggg.cga 6 O 

actgtgcata cataggtggc C caatatagg 9 O 

SEO ID NO 25 
LENGTH: 56 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Particularly preferred protelomerase target 
sequence 

SEQUENCE: 25 

tat cagcaca caattgcc.ca ttatacgc.gc gtataatgga citattgttgttg citgata 56 

SEQ ID NO 26 
LENGTH: 42 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Particularly preferred protelomerase target 
sequence 

SEQUENCE: 26 

atgcgc.gcat C cattatacg cgc.gtataat ggcgataata Ca 42 

SEO ID NO 27 
LENGTH: 52 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Particularly preferred protelomerase target 
sequence 

SEQUENCE: 27 

tagt caccita titt cagdata citacgc.gc.gt agtatgctga aataggittac td 52 

SEQ ID NO 28 
LENGTH: 90 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Particularly preferred protelomerase target 
sequence 

SEQUENCE: 28 

gggat.ccc.gt to catacata catgitatic ca totggcatac tatacgtata gitatgcc.gat 6 O 

gttacatatg gitat catt cq ggat.ccc.gtt 9 O 

84 
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<210s, SEQ ID NO 29 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Particularly preferred protelomerase target 
sequence 

<4 OOs, SEQUENCE: 29 

tact aaataa at attatata tataatttitt tattagta 38 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PT1F primer 

<4 OOs, SEQUENCE: 30 

atgagcaagg taaaaatcgg to 22 

<210s, SEQ ID NO 31 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: PT1R primer 

<4 OOs, SEQUENCE: 31 

ttagctgtag tacgtttic cc at 22 

<210s, SEQ ID NO 32 
&211s LENGTH: 62 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: RL1 

<4 OOs, SEQUENCE: 32 

agctittatca gcacacaatt gcc cattata cdc.gc.gtata atggactatt gtgtgctgat 6 O 

ag 62 

<210s, SEQ ID NO 33 
&211s LENGTH: 62 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: RL2 

<4 OOs, SEQUENCE: 33 

gatccitat ca gcacacaata gtc cattata cdc.gc.gtata atgggcaatt gtgtgct gat 6 O 

a.a. 62 

<210s, SEQ ID NO 34 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Sac pCL 

<4 OOs, SEQUENCE: 34 

gtgcaa.gtgc aggtgccaga ac 22 

<210s, SEQ ID NO 35 
&211s LENGTH: 27 
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- Continued 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Bam pCL 

<4 OOs, SEQUENCE: 35 

gataaagaag acagt catala gtgcggc 

<210s, SEQ ID NO 36 
&211s LENGTH: 56 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Complememt to SEQ ID NO: 25 

<4 OOs, SEQUENCE: 36 

tat cagcaca caatagt cca ttatacgc.gc gtataatggg caattgttgttg citgata 

<210s, SEQ ID NO 37 
&211s LENGTH: 56 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: teR 

<4 OO > SEQUENCE: 37 

tat cagcaca caattgcc.ca ttatacgc.gc gtataatggg caattgttgttg citgata 

<210s, SEQ ID NO 38 
&211s LENGTH: 56 
& 212 TYPE DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: teL 

<4 OOs, SEQUENCE: 38 

tat cagcaca caatagt cca ttatacgc.gc gtataatgga citattgttgttg citgata 

<210s, SEQ ID NO 39 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Complement of SEQ ID NO: 26 

<4 OOs, SEQUENCE: 39 

tgtatt at C C Cattatacg cgc.gtataat ggatgcgc.gc at 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 52 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Complement of SEQ ID NO: 27 

<4 OOs, SEQUENCE: 4 O 

cagtaaccta titt cagdata citacgc.gc.gt agtatgctga aataggtgac ta 

<210s, SEQ ID NO 41 
&211s LENGTH: 90 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Complement of SEQ ID NO: 28 

<4 OOs, SEQUENCE: 41 

27 

56 

56 

56 

42 

52 

88 
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- Continued 

aacgggat.cc cqaatgatac cacatgtaac atcgg catac tatacgtata gitatgccaca 

tggata catg tatgtatgga acgggat.ccc 

SEQ ID NO 42 
LENGTH: 38 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Complement of SEQ ID NO: 29 

<4 OOs, SEQUENCE: 42 

tactaataaa aaattatata tataatattt atttagta 

The invention claimed is: 
1. A process for production of linear double stranded deox 

yribonucleic (DNA) covalently closed at both ends by hairpin 
loops, comprising: 

(a) amplifying by rolling circle amplification a DNA tem 
plate comprising at least one protelomerase target 
sequence to produce a product comprising multiple pro 
telomerase target sequences; and 

(b) producing linear double stranded DNA covalently 
closed at both ends by hairpin loops by contacting the 
product comprising multiple protelomerase target 
sequences produced in (a) with at least one protelom 
erase under Suitable conditions, 

wherein steps (a) and (b) occur in an in vitro cell-free 
environment. 

2. The process of claim 1, wherein primers for the ampli 
fication are random primers. 

3. The process of claim 1, wherein a DNA polymerase for 
the amplification is phi29 of SEQ ID NO: 2 or a variant 
thereof which comprises a sequence having at least 95% 
identity to SEQ ID NO: 2 and/or said protelomerase is bac 
teriophage N15 TelN of SEQID NO: 15 or a variant thereof 
which comprises a sequence having at least 95% identity to 
SEQID NO: 15. 

4. The process of claim 1, wherein said at least one prote 
lomerase target sequence comprises a perfect inverted repeat 
DNA sequence. 

5. The process of claim 1, wherein said DNA template is a 
closed circular DNA. 

6. The process of claim 1, wherein said DNA template is a 
linear double stranded DNA covalently closed at both ends by 
hairpin loops. 

7. The process according to claim 1, wherein said DNA 
template comprises an expression cassette comprising a 
eukaryotic promoter operably linked to a coding sequence of 
interest. 

8. The process according to claim 7, wherein said expres 
sion cassette is flanked on either side by a protelomerase 
target Sequence. 

9. A process according to claim 1, which produces a linear 
double stranded expression cassette DNA that is covalently 
closed at both ends by hairpin loops. 

10. The process of claim 1, which further comprises puri 
fying the linear double stranded DNA covalently closed at 
both ends by hairpin loops produced in (b). 

11. A process according to claim 1 comprising formulating 
the resulting linear double stranded DNA covalently closed at 
both ends by hairpin loops with a pharmaceutically accept 
able carrier or excipient to make a pharmaceutical composi 
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tion comprising a linear double stranded DNA covalently 
closed at both ends by hairpin loops. 

12. The process according to claim 6, wherein said DNA 
template is incubated under denaturing conditions to form a 
closed circular DNA. 

13. The process according to claim 6, wherein said expres 
sion cassette comprises a eukaryotic transcription termina 
tion sequence. 

14. The process according to claim 7, wherein said coding 
sequence of interest is a human coding sequence or a coding 
sequence from a pathogen that infects humans. 

15. A process for production of linear double stranded 
deoxyribonucleic (DNA) covalently closed at both ends by 
hairpin loops, comprising: 

(a) amplifying a DNA template comprising more than one 
protelomerase target sequence to produce a product 
comprising multiple protelomerase target sequences; 
and 

(b) producing linear double stranded DNA covalently 
closed at both ends by hairpin loops by contacting the 
product comprising multiple protelomerase target 
sequences produced in (a) with at least one protelom 
erase under Suitable conditions, 

wherein steps (a) and (b) occur in an in vitro cell-free 
environment. 

16. The process of claim 15, wherein said DNA template is 
a closed circular DNA. 

17. The process of claim 15, wherein said DNA template is 
a linear double stranded DNA covalently closed at both ends 
by hairpin loops. 

18. The process according to claim 15, wherein said DNA 
template comprises an expression cassette comprising a 
eukaryotic promoter operably linked to a coding sequence of 
interest. 

19. The process according to claim 18, wherein said 
expression cassette is flanked on either side by a protelom 
erase target Sequence. 

20. A process according to claim 15, which produces a 
linear double stranded expression cassette DNA that is 
covalently closed at both ends by hairpin loops. 

21. The process of claim 15, which further comprises puri 
fying the linear double stranded DNA covalently closed at 
both ends by hairpin loops produced in (b). 

22. A process according to claim 15 comprising formulat 
ing the resulting linear double stranded DNA covalently 
closed at both ends by hairpin loops with a pharmaceutically 
acceptable carrier or excipient to make a pharmaceutical 
composition comprising a linear double Stranded DNA 
covalently closed at both ends by hairpin loops. 
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23. The process according to claim 17, wherein said DNA 
template is incubated under denaturing conditions to form a 
closed circular DNA. 

24. The process according to claim 15, wherein said DNA 
template is amplified by polymerase chain reaction. 5 

25. The process of claim 1, wherein a DNA polymerase for 
the amplification is phi 29 of SEQ ID NO: 2 or a variant 
thereof which comprises a sequence having at least 95% 
identity to SEQ ID NO: 2 and said protelomerase is bacte 
riophage N15 TelN of SEQ ID NO: 15 or a variant thereof 10 
which comprises a sequence having at least 95% identity to 
SEQID NO: 15. 

26. A process according to claim 25, wherein the amplify 
ing step occurs at a temperature of about 25 to about 35 
degrees centigrade and wherein the producing step occurs at 15 
a temperature of about 25 to about 35 degrees centigrade. 

27. A process according to claim 26, wherein said prote 
lomerase target sequence comprises the sequence of SEQID 
NO 25. 

28. The process of claim 1, wherein steps (a) and (b) occur 20 
simultaneously. 

29. The process of claim 1, wherein steps (a) and (b) occur 
consecutively. 
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